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EXECUTIVE SUMMARY

It is common practice in the ready-mixed concrete industry to thoroughly clean the
inside of a concrete truck's drum at the end of each day using approximately 150-300
gallons of water. According to the Water Quality Act (part 116), truck wash water is a
hazardous substance (it contains caustic soda and potash) and its diSposal is regulated 'byk
the Environmental Protection Agency (EPA). In addition, a high pH makes truck wash
water hazardous under EPA definition of corrosivity. These regulations require
concrete producers to contain truck wash water on-site and prohibit its discharge off-
site.

The current practices for the disposal of concrete wash water include dumping at a
landfill or dumping into a concrete wash water pit at the ready-mix plant. The
availability of landfill sites for the disposal of fruck wash water has been drastically
reduced for the past ten years. In 1981, théré were approximately 50,000 such sites in
the United State;s; today, there are only about 5,000. In response to this reduction,
most ready-mix batch plants have developed a variety of operational conﬁgufations ‘to

manage their own wash water. The alternaﬁves include’ settling ponds, storm water‘
‘detention/retention facilities and water reuse systems. Accqmulated wastewater flows
into holding ponds, which drain by evaporation or percolation. Often accumulation
exceeds dissipation, and un-intentional run-off is generated.b Recognizing that a typical :
batch plant generates an average of 20 galldns of wastewater discharge per cubic yard

of ready-mixed production and that the average concrete production rate for a batch
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plant is 250 cubic yards per day, the proper disposition of the wastewater presents an
important issue. Concrete producers encounter a significant problem when faced with
the prospect of disposal of thousands of gallons of process water daily in an
environmentally acceptable manner. Ideally this water would be recyclable, avoiding
the environmental issues and the expense of disposal.

Two primary examples of potential reuse option are: 1) aggregate irrigation and 2)
batch mixing water. Though preliminary studies have shown that concrete wash water
can produce acceptable concrete, the main concern to FDOT is the state and type of
admixture residues in the wash water, the effects of these residues on the concrete
properties, and the percentage range over which these derivatives have detrimental effect
on concrete performance.  Suspicion of detrimental effects on concrete durability is
sufficient cause to deny use of batch plant wastewater as mixing water for FDOT.

The FDOT sponsored this research project in fiscal year 1997-98 to develop water
quality standards which address reuse of batch plant wastewater in the production of
fresh concrete (aggregate irrigation, batch mixing water, etc.). The objective was to
provide speciﬁéation limits of chemical constituents that would affect concrete durability
or other physical/chem';cal properties.

In order to meet this objective, several goals were established: literature review,
survey of State Highway Agencies, survey of Florida ready-mix concrete plants, water
sampling and analysis, concrete testing using wastewater saturated aggregate, and
concrete testing using wastewafer as batch mixing water.

The following is a summary of the work done in the execution of this research

project:
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1. A literature search was conducted to’review previous research done in the area of
wastewater reuse in the production of concrete. Studies conducted on concrete
wastewater reuse as well as other types of wastewater reuse were included in this
search. Studies done on the environmental impacts of wastewater were also
examined. The literature search indicated that concrete wastewater (Type I
wastewater) has no detrimental effect on concrete properties when used in the

: production of concrete. Several studies did however indicate that an extremely high
amount of solids may lead to a decrease in corﬁpressi§e strength and increased

shrinkage (see Chapter 2).

A survey of State Highway Agencies throughout the Uni_ted States was conducted.
The objective of this survey was to examine current policy and practice‘ afound the
country concerning the reuse of Type Il wastewater in ready-mixed concrete
operations. Surveys were distributed to the Department of Transportation’s Materials
- Engineer for all 50 states plus Puerto Rico. The survey indicated that the majority of
agencies do not allow the reuse of Type IT wastewater in the production of concrete.
Variability in chemical content and effect on quality control are influential factors m

the agencies’ decisions (see Chapter 3).

A survey of ready-mixed concrete production plants in Florida was conducted. The
objective of this survey was to determine amount of Type II wastewater produced,

uses for Type II wastewater, current methods of handling Type II wastewatér, and



overall industry opinion cohcerning Type I wastewater. Thirteen surveys were
returned representing 13 different ready-mixed concrete companies in Florida. The
survey indicated that there is a high level of interest and involvement in the ready-
mixed industry regarding the recycling of Type II wastewater. The average ready-
mixed plant uses approximately 70 gallons of water per cubic yard of concrete
produced. The amount of wastewater produced is small enough to be totally recycled

into the production of fresh concrete (see Chapter 4).

. A sampling and analysis test plan was designed and conducted to determine the
properties of Type I and Type II wastewater produced at ready-mixed concrete plants
in Florida. Only concrete plants currently using a Type II wastewater containment
system were selected. Water samples were tested for alkalinity, alkali content, sulfate
content, chloride content, total inorganic solids, total volatile solids, and total solids.
The water sampling and analysis test program indicates that Type II wastewater meets
ASTM C 94 (Standard Specifications for Ready-Mixed Concrete, 4.1.3) and
AASHTO M 157 (Standard Specification for Ready-Mixed Concrete) specifications
for quality of water in concrete including sulfate content, chloride content, alkali
content, and total solids. Type II wastewater meets FDOT specifications pertaining to
quality of water in concrete (Section 923, Water for Concrete) with regards to
chloride content and volatile solids. However, Type II wastewater does not meet

FDOT specifications with regards to total alkalinity and inorganic solids (see Chapter

5).
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5. A test program was designed and conducted to investigate the reuse of Type Il
wastewater in the production of concrete. Phase 1 of this test program inéorporated
Type II wastewater for saturation of coarse aggregate in the production of concreté.
Tap water was used for batch water in this phase. Phase IT of the test program used
Typé II wastewater to saturate coarse aggregate and as batcﬁ water in the production
of concrete. Variables in Phase 1 and 2 included wastewater frbm two differ»entn
ready-mixed plants and coarse aggregate from 3 different areas of Florida. Control
samples were made using tap water for saturating aggregate and‘ as batch water.
Concrete specimens were produced and tested for slﬁmp, set time, unit weight, afr
content, compressive strength, flexural strength, modulus of elasticity, rapid chloride

- permeability, drying shrinkage, sulfate expansion, cofrosion of rebar in concrete, and
impressed current.

Test results indicate that Type II wastewater has no statistically significant effect
on the properties of plastic (set time, unit weight, and air content) and hardened
(compressive strength, flexural strength, and modulus éf elasticity) concrete when
used as batch water and/or to saturate coarse aggregate in the production of concrete.
In addition, the use of Type II wéstewater as batch water and/or to saturate coarse
aggregaté in the production of concrete has no statistically significant effect on the
propensity of concrete to shrink when exposed to air or expand when exposed to
sulfate and has no statistiéally significant effect on chléride permeability and time-to-

corrosion of reinforcing steel (see Chapters 6 and 7).
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6. Results of the Type II wastewater analysis and Phase 1 and 2 concrete test results
indicate that Type II wastewater with alkalinity and total inorganic solid content in
excess of FDOT limitations may be used in the production of concrete with no
detrimental effects to éoncrefe propefties. Therefore, it is recommended that the
FDOT water quality sﬁeciﬂcatiorx, Section 923 entitled, “Water for Concrete" be
supplemented to address the use of Type II wastewater as aggregate irrigation and/or
batch mixing water in the production of fresh concrete. Type II wastewater shall be
tested for compliance with the requirements established by AASHTO M 157
specification entitled, “Standard Specifications for Ready-Mixed Concrete.” The
AASHTO M 157 specification sets limits on the amount of sulfate, chloride ion, total

solids, and total alkalies, as Na;O equivalent, for water used in concrete (see Chapter

8).

Allowing reuse of wastewater that meets certain physical and chemical requirements
in production of fresh concrete reduces the cost of disposing wastewater by the concrete
producers, which in turn decreases the concrete production cost. FDOT as a concrete
consumer Wili benefit from reduction of concrete production cost.  Finding
environmentally friendly solutions for the use of wastewater from ready mixed concrete
operations will also add to the image of FDOT as one of the most progressive agencies in
recycling efforts. In addition, adopting a more comprehensive specification for use of
water for concrete will provide an incentive to concrete producers and encourage them to

develop more advanced operational configurations to manage their wastewater.
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CHAPTER 1

INTRODUCTION

Objective
The objective of this report is to investigate re-use of ready-mix concrete
production plant wastewater as aggregate irrigation and/or batch mixing water in the

production of fresh concrete.

Background

‘When a 10 cubic yard ready-mix truck returns from a construction site there is -
still approximately 600 pounds of concrete adhering to the inside of tbhé’ drum and
mixing blades. It takés between 150 to 300 gallons of water to wash this concrete out
| before it hardens ihside the drum. On a national level, it is estimated that 247,006,000
cubic yards of concrete are produced annually, requiring 1,240,000,600 galldns of
cleaning water (Borger et al., 1994). When this water is discharged it is classified as
Type IT wastewater. The Type II wastewatér contains fine cement ﬁarticles, sand,
gravel, and chemical admixtures. This includes two hazardous substances, so‘dium
hydroxide (NaOH) and Potassium Hydroxide (KOH) (Chini, 1996). The wastewater has

‘a pH between 10 and 13 (neutral pH is 7), high enough to be cbnsidered hazardous



under the Environmental Protection Agency’s (EPA) definition of corrosivity (Master
Builders Technologies Research and Development, 1988).

There are four basic options for disposing of wastewater from the concrete
plants; 1) at the ready-mix plant, 2) at the construction site, 3) at a landfill, or 4)ata
reclamation unit (Borger et al., 1994). The first two options have been limited by the
1987 revision to the Clean Water Act. Its objective: “to restore and maintain the
chemical, physical, and biological integrity of the Nation's waters.” With respect to the
production of concrete in ready-mix plants, the EPA’s concern is the contamination
effect this toxic water wiyll have on our ground water system. This problem is especially
pertinent to Florida because the Florida Aquifer is relatively near the surface where the
wastewater is dispdsed. If the wastewater was discharged directly into the ground it
may be toxic to aquatic life and may pollute the water for drinking and recreation (U.S.
Environmental Protection Agency, 1990). The developmént of environmental
regulations and the increase in’ landfill demaﬁd have decreased the number of authorized
disposal sites over the last 15 years. In 1981, there were about 50,000 landfill sites in
the United States, today lthere are only approximately 5,000 (Chini, 1996). This
decrease in the number of landfill sites has left the concrete industry with few options of
what to do with their wastewater.

Presently fhe concrete industry in Florida is in the process of bringing all current
plants ﬁp to code with new federal regulations that require new and existing facilities to
obtain a generic permit to produce concrete in Florida. The majority of ready-mix
concrete production facilities have begun to use retention ponds to collect and manage

Type II wastewater. The following is a summary of the Memorandum of Agreement



between the Florida Concrete and Products Association (FC&PA) and the Florida
Department of Environmental Protection (DEP) regarding the new permit requirements
and how it will be implemented. The Memorandum contains some key definitions

pertaining to wastewater re-use, which are given below.

Definitions
Type I wastewater: wastewatérvgenerated during general industrial activities at a
concrete batch plant including conveyor wash-down; spraying of water on aggregate
piles, cleaning of the mixing plant and slump racks, and other similar sources of
industrial activities; spraying of water for duct control; truck exterior washing; and

contact stormwater runoff.

Type Il wastewater: wastewater generated during the internal céncrete truck wash-out |
activities associated with a concrete batch plant and any other water commingled with
this wastewater, including rainfall that falls or drains directly into the Type IT
wastewater containment system.

Note: Type II wastewater in this report has been referred to as wash water in ASTM C

94, Standard Spéciﬁg_ltion for Ready-Mixed Concrete and AASHTO M 157, Standard

Specification for Ready-Mixed Concrete.

Type II wastewater containment system: a concrete lined or other imperviously-lined
structure of suitable dimensions that will allow all Type II wastewater génerated ata

concrete batch plant to be retained and separated from the Type I wastewater generated



at a facility. The size of a Type II wastewater containment system for an individual
facility will be determined in accordance with sound engineering practices and shall be
sufficient in size to retain the entire volume of Type II wastewater generated by the
facility on an average daily basis and the rainfall from a 25 year, 24 hour storm event

that falls directly on or drains into the Type II wastewater containment system.

Summary of Memorandum of Agreement

During 1997, an agreement has been achieved between the State of Florida
Department of Environmental Protection (DEP) “Florida Wastewater Regulation
Program” (FWRP) and the Florida Concrete and Products Association (FC&PA)..

- The agreement was the result of a number of studies conducted by FC&PA and the DEP
concerning wastewater handling at ready-mix concrete batch plants. The aim of the
agreement was to act in partnership with the affected private sector interest groups and
in this way move the industry to better practice concerning wastewater handling.
Achievable levels of compliance with FWRP stipulations, to be met by the owners and
operators of concrete batch plants, has been set forward. It was agreed that similarly
situated ready-mix concrete batch plants be subjected to equivalent and consistent
license and environmental permitting requirements. It has also been agreed that specific
design and construction criteria for concrete batch plants will be promoted. The
establishment of a rule-based generic permit incorporating all necessary approvals has
been agreed upon. It has also been agreed that a transition period will be determined
during which, an appropriate provision will be made for existing plant operations, before

full implementation of the generic permit will be enforced. The ultimate goal of the



agreement was to promote voluntary compliance_ with FWRP regulations within the
ready-mix concrete industry. The two parties reached agreément on a series of steps that
will lead to the promulgation of a generic permit by the DEP that should be sufficient to
provide coverage for the vast majority of ready-mix concrete batch plants located in

Florida.

Both parties have agreed to the following:

e FC&PA and the DEP will cooperate in their efforts and assist the industry to comply
with FRWP regulations.

- @ FC&PA will publicize the agreement among its members and prbmote compliance
With Florida law on a voluntary basis.

o FC&PA will provide written notification of the agreement to all known non-member
concrete producers and encourage them to join this voluntary compliance initiative.

e FC&PA and the DEP will cooperate to identify and eliminate regulatory barriers that
impede acceptance of the use of reclaimed wastewater in ready-mix concrete intended
for use in transportation and other public infrastructure facilities.

e The DEP shall develop and promulgate by rule a generic permit and make it available
to the industry as soon as possible.

e Concerning specific batch plant operations it was agreed that concrete batch plants be
operated in such a way that Type I and Type II wastewater are treated separately.

o Type I wastewater shall be managed on site in such a way that it will meet quality

standards prior to discharge to jurisdictional surface waters.



o It has been acknowledged by FC&PA and the DEP that a substantial number of ready-
mix concrete batch plants mayﬂ currently be operating without being in full compliance
with FWRP. In order to facilitate such compliance, the parties agreed that a procedural
~vehicle is necessary to govern operations at these plants. It has been agreed that a DEP
“consent order” is the appropriate way to establish compliance conditions for existing
concrete batch plants. A model “consent order” has been developed for this purpose.
One option the concrete industry is presently considering is the re-use of
wastewater in the production of concrete. Two primary examples of its potential re-use
in concrete production are aggregate irrigation and‘batch mixing water. This study
examines Type II wastewater in these applications in order to analyze current water

quality specifications limiting its use.

Scope of Work

Literature Review

A state-of-the-art review of the research previously performed in the area of

recycling wastewater from ready-mix concrete producers was undertaken.

Survey of State Highway Agencies

A survey was developed to determine current policy and practice of the State
Highway Agencies concerning the reuse of Type II wastewater in ready-mixed concrete
production operations. Surveys were distributed to the Department of Transportation’s

Material Engineer for all 50 states and Puerto Rico



Survey of Florida Ready-Mix Concrete Plants

With the cooperation of the FDOT and the Florida Concrete & Products

Association, ready-mix concrete companies throughout Florida were surveyed to
determine typical amounts and uses of wastewater produced, current methods being used

to solve the wastewater problem, and industry opinion concerning wastewater.

Water Sampling and Analysis

Samples of wastewater were taken from ready-mix concrete plants throughout
Florida to determine the typical chemical properties of Type I & II wastewater.
Properties tested for include alkalinity, total alkali content, sulfate content, chloride

content, and total inorganic solids, total volatile solids, and total solids.

Phase 1 Concrete Testing

Phase 1 testing was designed to determine if aggregate soaked in wastewater has
any detrimental effects on both plastic and hardened concrete properties. Concrete
samples were produced using wastewater to saturate the aggregate prior to mixing. The
concrete was then batched using potable water. The mix design was a stanciard FDOT
project mix design (see chapter 6). Three different coarse aggregates from North,
Central, and South Florida were used. Properties of concrete samples made from coarse
aggregates saturated with Type II wastewater were compared with those of control
concrete samples made from aggregate saturated with potable water. Samples of

concrete were tested for slump, set time, unit weight, air content, compressive strength,



flexural strength, modulus of elasticity, rapid chloride permeability, drying shrinkage,

sulfate expansion, corrosion of rebar in concrete, and time-to-corrosion.

Phase 2 Concrete Testing

Phase 2 testing was designed to determine if Type IT wastewater used in place of
potable batch water, has any detrimental effects on plastic and hardened concrete
properties. In this phase, Type II wastewater was used both to saturate the coarse
aggregate and as batch water. The test results were compared to those of the control mix
from Phase 1. Samples were tested for slump, set time, unit weight, air content,
compressive strength, flexural strength, modulus of elasticity, rapid chloride
permeability, drying shrinkage, sulfate expansion, corrosion of rebar in concrete, and

time-to-corrosion.



CHAPTER 2

- LITERATURE REVIEW

Introduction

‘Water quality has been a matter of concern in thé production of concrete since its
early applications. Most specifications today require the use of potable water becéuse
its chemical content is known and well regulated. In this Way properties df concrete can
be controlled and the number of uncertainties would be limited. Since in some
situations potable water is not readily available, a number of studies exist that examine
the use of water coming from other sources (streams, lakes, etc.). Because of these
studies current specifications regulaté the use of water other than potable. - Strict
environmental regulations today force concrete producérs to contain all of their
wastewater on site. Because of these regulations, concrete producers woﬁld' like to
vrecycle these waters and reusé them in the production of t;;esh concrete. The effect on
concrete properties When recycled wastewater is used a§ mixiﬁg water is not well
known. - This chapter summarizes some of the studies that éxamine thése effects. Since
water‘coming from streams or lakes has a much more uncertain chémical composition,
several studies have been included that report on the use of ;;vaters coming from these

and other sources. Two studies are included that examine the use of reclaimed sewage



water for making concrete. Finally, two studies are included that describe the

environmental impact of concrete batch plant operations and cement waste products.

Using Water from Streams, Rivers, Ponds, or Lakes for Making Concrete

Abrams, D.A.. 1924

This early study examines the effect of impure waters when used for mixing
concrete. Sixty-eight different kinds of water samples were tested. Among the waters
tested were sea and alkali waters, bog waters, rﬁine and mineral waters, waters
containing sewage and industrjal wastes, and solutions of common salt. Some of these
waters contained up to 250,000 parts per million @pm) of solids. Potable water was
used as a reference. About 6,000 samples of mortar and concrete were tested for
compressive strength, consisténcy, and time of set. Strength tests conducted for
concrete of ages 3, 7, and 28 days, 3 months, 1 year, and 2 ‘1/3 years. Concrete that gave
strength ratios less than 85 percent compared to potable water were considered
unsatisfactory for mixing concrete. In spite of the wide variation in the origin and type
of waters used, most of tﬁe samples were fouhd to give good results when used in
making concrete. Acid waters, lime soak from tannery, refuse from paint factories,
certain mineral watérs, and waters containing over 5 percent of common salt were found
to give unsatisfactory results for some of the samples. Time of set and consistency when
impure waters were used wﬁs, with few exceptions, ab'out the same as those samples
made with fresh water. It was found that neither color nor odor were any indication of

quality of water for mixing concrete.

10



Steinour, 1960

Steinour presents a review of the literature concerning the amount of water
impurities that can be accepted for use in concrete production. Based on the work of
Abrams and others, he concluded that most water impurities have no adverse effeet on
concrete strength. He observed that in general no studies were performed that
investigated the possible ad\)erse effects of impure waters on reinforcing steel or other
“durability issues. He concluded that strength tests alone are not sufficient to allow
higher concentrations of impurities in mixing water. He recommended making both set
time and strength tests before using any water that lacks a service record, and thaf
contains an exceptional amount of total dissolved soiids in excess of 2000 ppm.
Dissolved solids containing ions of calcium, magnesium, sodium, pdtaSsi‘um,
bicarbonéte, sulfate, chloride, nitrate, and carbonate may also be detrimental in excess of

2000 ppm.
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Reuse of Wastewater and Concrete Leftover in the Production of Fresh Concrete

Ullman, 1973

Ullman studied the reuse of wastewater as mixing water for fresh concrete. In
this study, batches made with wastewater were compared with batches made with tap
water. The wastewater used contained 4600 ppm of total solids and about 50 to 300
ppm of suspended solids. The aggregates used were natural quartz sand and gravel. The
cement content was five sacks per cubic yard. An air-entraining admixture was batched
on the sand. The study concluded that the reuse of wastewater had no detectable effect

on strength, slump, air content, or mixing water requirement.

Meininger, 1973

Meininger conducted a study on the reuse of concrete truck or central mixer
wastewater. He concluded that the reuse of clarified water had no signiﬁcant effect on
concrete properties. However, the reuse of agitated wasteWater (which contains more
solids) resulted in a compressive strength decrease of 10% and a shrinkage increase of

10%.

Kasai, 1979

Kasai summarized a report prepared by a committee established by the Japan
Concrete Institute. The committee did research on the recycling of wastewater and
cement slurry disposal at ready mixed concrete plants in Japan. Concrete was divided

into 3 classes according to the type of water used (fresh water, clarified water, and slurry
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water). The effects of the different types of water on concrete properties were
investigated. In their conclusions, they stated that clarified water could be used as
mixing water for concrete without causing any problems; When slurry water is used,
attention must be given to the amount of slurry, w/c ratio, percentage of fmev aggregates

and the amount of air entraining agents used.

C.U.R Report 93, 1979

The Civieltechnisch Centrum Uitvoering Research en Regelgeving in the
Netherlands has studied the reuse of cement slurry as filler in concrete. The chemical
composition of dried cement slﬁrry was compared with that of pure cement and was
found to be not significantly different. From the literature search, they concluded that
when éement sludge was used this resulted in a) an increase in water demand for making
a concrete having a particular consistency, ‘b) a decrease in the bleeding of fresh
concrete, ¢) a reduction in compressive strength, and d) an increase in shrinkage.
Further research was performed to judge the results found in the literature. With regard
to the addition of 1% cement slurry (referred to the mass of the aggregate in the mix) the
following was found; a) for the mix designs studied, water demand increased about 7%,
b) as a result, the water-cement ratio is increased by about 8 %, c) the factor
water-+air/cement is increased by‘about 6%, d) compressive strength is reduced by about
8%, €) shrinkage increased by about 14%, f) water tightness and frost resistance are not
affected significantly, and g) in the accelerated carbonation test (84 days in CO,
atmosphere) the depth of carbonation increased by 9mm, corresponding to a 42 %

increase.
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C.U.R Report 148, 1991

The same center in the Netherlands also studied the reuse of cement sludge and
rinsing water of wet masonry mortar on concrete properties. Concrete was prepared
with 1% (by weight) of sludge, this is 1 part of dry sludge material to 99 parts of the
normal concrete solids. Mixes have been prepared using sludge from masonry mortars
with a usual composition and with compositions containing triple dosages of admixtures.
Setting times of concrete measured in accordance to ASTM C 403, Standard Test
Method for Time of Setting of Concrete Mixtures by Penetration Resistance, were found
to be not significantly different from those of the reference mix. From the results, it was
concluded that setting times of cement paste in general were retarded, whereas setting
times of concrete mixes in generé.l were accelerated. Compressive strengths were found
to be reduced to about 90 % of the reference mix at 7 and 28 days. At agesof1and3
days, compressive strengths were higher than that of the reference mix. It was
concluded from the study that the rinsing water coming from masonry mortar containing
up to 1% of dry sludge and containing triple dosage 6f admixtures, is acceptable to be

used in fresh concrete.

Woodward-Clyde Consultants, 1993

Woodward-Clyde conducted a study on the reuse of concrete wastewater (slurry) to
replace a portion of the mixing water for ready-mixed concrete. The tests included 5
concrete batches with 0,3,5,6, and 7 percent total solids in the mixing water. Each batch

was tested for slump, air content, initial set times, and compressive strength.
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Woodward-Clyde concluded that the reuse of wastewater producing up to 7 percent total
solids in the mixing water had little effect on the slump, initial set time, and compressive

strength of each mix. They also concluded that there was a slight increase in air content.

Oregon Department of Transportation, 1993

A study to determine whether or not the use of recycled concfete wastewater

- would have any adverse effects on concrete properties was conducted. Wastewater
coming from a plant in Pdrtland, Oregon was used. This plant continuously agitates and
circulates the wastewater after passing it through a settling basin. The water was further
passed through a filter press and collected in a tank. The pH of the water was adjusted
by the introduction of carbon dioxide (COz). Chemical tests on the wastewater gave
values that were well within the limitations of ASTM C 94, Standard Specification for
Ready-Mixed Concrete, and AASHTO T 26, Qudlity of Water to be Used in Concreie.
Concrete samples used contained 80 % of wastewater and 20% of clear water as mixing
water. Setting times of cubes were found to be well within the minimum and maximum
ranges as determined in ASTM C94 and AASHTO T26. The average strength of
concrete made with recycled wastewater was 98% of the strength of concrete made with
fresh water. Slump and air loss increased when wastewater was used, but results were
found to be acceptable. All data was found to be well within their respective limits. A
recommendation was made stating that no significant problem exists when recycled

water is used in structural concrete decks.
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Borger, et al, 1994

The use of recycled wastewater and returned plastic concrete in the production of
fresh concrete was investigated by Borger et al. Mortars with wastewater of different
ages were tested. They concluded that wastewater can be successfully used for
producing fresh concrete. When wastewater with an age of 8 hours or less was used,
strength of the mortars increased. The use of wastewater increased the sulfate resistance
and stiffness of the mortars. The use of wastewater accelerated setting times. They also
tested mortars in which a stabilizer agent was used. They concluded that: a)
compressive strength remained the same or was increased, b) high dosages of activators
were required to achieve setting times similar to control mix, c) high dosages of
activator did not affect strength, and d) the final workability was similar to that of

normal mortars.

Lobo, et al, 1995

A study on the reuse of plastic concrete and wastewater using extended set-
retarding admixtures was conducted by Lobo et al. Setting time, compressive strength
and drying shrinkage were determined. They concluded that concrete containing
stabilized concrete could be used for applications where setting time is less critical.
When 5% treated wastewater was used in the mix, compressive strength and drying
shrinkage was not significantly effected. When 50% recycled and stabilized concrete (3

hours old) was used in the mix, strength was reduced and shrinkage was increased.
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Souwerbren C., 1996

This author gives an overview of the situation in the Netherlands concerning the
recycling of wastewater based on the two studies mentioned above. The European
standérd CEN TC104 (draft) for mixing water and the reuse of wastewater as part of the
mixing water is also discussed. According to the European standard the additional
quantity of fines resulting from the use of wastewater should be less than 1% by Weight
of the total amount of aggregate present in the mix. It is also good practice to distribute
solid material present in.the water as evenly as possible by means of an agitator. When
sedimentaﬁon basins are used, the water should be left in the basin for sufficient time to
allow the solids to settle properly. The following requirements are set for wastewater:
a) Wastewater shall meet the requirements for mixing water for concrete
b) The wastewater in storage shall be adequately protected against contamination
c) Wastewater with a density greater than 63 Ib/ft shall be agitated in such a Way that a
uniform distribution of the solid material is enéured. Wastewater with a density less
than or equal to 63 Ib/ﬁ3_ may be assumed to contain negligible amounts of solid

materials,

Harr, et al. 1997

Harr’s research dealt with the analysis and “rheological” effects of residual water
from various ready mix plants which showed strong stiffening effects in ready mix
concrete as well as a reduction of compressive strength in hardened concrete. The

amount of solid material in residual water was determined and an analysis of solids and
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liquids was conducted. Results of the tests showed that these residual waters contained

up to 300 grams of solids per liter. Solid materials detected were primarily cement
particles. Tests also showed that higher temperatures combined with contaminated
water result in a product that cannot be finished any longer. Harr recommended that

solid material in residual water be limited to less than 100 grams per liter.

Reclaimed Sewage Water Used as Mixing Water for Fresh Concrete

Cebeci et al, 1989

The reuse of sewage water as mixing water in concrete was investigated by
Cebeci et al. Raw and biological treated sewage water were obtained from a water
treatment plant. Treatment of the sewage water consisted of screening and sedimentation
followed by passing through different units such as aeration tanks (in which
microorganisms are grown that consume soluble orgaﬁics), and sedimentation tanks that
settle and remove the micrporganisms. Water analyses showed that suspended solids
and orgaﬂic content are substantially reduced by this treatment, dissolved solids were
only marginally reduced. Mortérs and concrete samples were made with treated and
untreated sewage water, mortars and concrete made with distilled water was used as a
reference. Results showed only a marginal increase in initial ‘setting time when treated
sewage water was used. When raw sewage water was used initial setting time increased
10 minutes. Air content and specific gravity of thé mortars made with distilled water
and treated wastewater were the same, the use of raw sewage water entrained 3 percent

additional air. Distilled water and treated wastewater produced mortars with practically
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equal compressive and flexural strengths. When raw sewage water was used, the 3 day
compressive strength was reduced by 9 percent. Strength tests performed on concrete
confirmed these results. The use of treated sewage Water did not affect the compressive
strength of the concrete. When raw sewage'water was used, the 28 day compressive
stfength was reduced by 9 percent. The authors concluded that treated sewage water
could successfully be reused as mixing water for fresh concrete. Although properties of
mortars and concrete made with untreated sewage water remained within acceptable

limits (90%), the authors recommended not using untreated sewage water.

Tay et al. 1991

The effect of reusing rec;laimed sewage water on concrete properties was
investigated by Tay et al. Sewage waters coming from the sewer system in Singapore
were treated in an industrial sewage wastewater tréatment plant. The treatment
consisted of coagulation, flocculation, sedimentation, ﬁltration, aeration, and
chlorination. Water analyses showed that these reclaimed waters are of lower quality
than potable water. Concrete cubes of 100 mm were used to study the effect of these
reclaimed waters on concrete strength. Several batches of concrete containing 25%,
50%, 75%, and 100% of reclaimed wastewater in the total mixing water were tested. A
mix with 100% potable water was used as the reference. Compared with the reference,
an incréase of compressive strengths was observed for increasing percentages of
reclaimed wastewater. The increase in compressive strength after 28 days was 8% and
17% for 25% and 100% reclaimed wastewater, respectively. For concrete of ages three

months and beyond, the effect was found to be insignificant, yielding results similar to
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concrete made with potable water. The same study was repeated later, in 1991,

showing the same results. In this second study, it was also reported that slump, initial,
and final setting times of the concrete was not affected by the use of reclaimed sewage

water.

Environmental Effects of Ready-Mixed Concrete Production

Environmental Science & Engineering, Inc., 1994

This firm analyzed wastewater at 10 concrete batch plants in Florida for the
Florida Concrete & Products Association and Florida Department Of Environmental
Protection. For these plants, surface water of retention ponds, and underground water
were tested for bioassay, lead, sulfate, specific conductance, pH, chromium and
formaldehyde. Underground water was tested using three wells per plant, one up
gradient, one close to the wastewater pit and one down gradient to groundwater flow.
The plants were selected such that they represent various plant configurations around the
state. They had a variety 6f soil, hydrogeologic and climate conditions, and different
concrete batch plant operational procedures. From the results of water tests, they
concluded that neither underground water nor surface water are significantly impacted

by batch plant operations.
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Mathews, et al, 1996

The characteristics of road deicers produced from recycled water-plant residuals
(coming from a sewage wastewater treatment plant) and cement waste products were
examined by Mathews et al. Cement waste and water plant sludge were proposedvas low
cost sources for calcium and magnesium acetate. According té the study, deicers made
from these products cause less damage to the envirohment and infrastructure than
sodium chloride. They concluded that deicers made from water plént sludge have the
highest poténtial in teﬁns of ice melting rate and penetfation. Cementitious waste |

products could also be used but larger quantities are required for the same results.
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CHAPTER 3

A SURVEY OF STATE HIGHWAY AGENCIES

Introduction
A survéy of state highway agencies (SHA) was performed to determine their
policies toward the use of wastewater as mixing water, and to collect information on any
- existing standards or guidelines on this subject (see Appendix A for a sample of the
questionﬁaire). The survey was distributed to the Department of Transportation’s
Materials Engineer for each state and Puerto Rico (51 total), of the 51 departments

contacted, 42 responded (82% response rate).

Results of the Survey

Of the 42 state agencies that responded to the survey, ten states indicated that
they allowed the reuse of wastewater in the producﬁon of fresh concrete. At the time of
the survey, six state agencies were considering allowing the reﬁse of Wastewater in the
future. The remainder of the state agencies (26) did not allow the reuse of wastewater at
that time. Table 3-1 presents the number of states that allow or do not allbw the reuse of
- wastewater in the produétion of fresh concrete. It also indicates if any of these SHA

currently have any standards to govern the reuse of wastewater.
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Table 3-1. Results of SHA Regarding the Allowance and Associated Standards For the
Reuse of Wastewater in the Production of Fresh Concrete

‘Responses
Under
Question Yes | No | consideration

Is the reuse of wastewater
as mixing water in the
production of new concrete
allowed by your agency?
Does your agency currently
have any standards for the
reuse of wastewater as 9 33 -
mixing water in new
concrete?

10 26 6

Table 3-2 presents the reasons Why the 26 state agencies responding did not allow
the reuse of wastewater in the production of fresh concrete. The main reasons given by
these SHA are:

e possible contamination and uncertainty about chemical content of the wastewater
o wastewater is not yet considered to be a problem
o conflict with current specifications

e variability of the wastewater
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Table 3-2. Reasons Why SHA Do Not Allow Wastewater
as Batch Water in Fresh Concrete

Reason Responses
Concern about contaminants in the 7
wastewater
Wastewater is not considered to be 7
a problem yet
Conflict with current specification 4
Concern about variability of the 3
water
Concern about alkalinity , 2
Would not like to introduce extra 1
uncertainty
More research on subject needs to 1
be done.
No specific reason 1

The SHA that currently allow the reuse of wastewater all have different policies
governing its reuse. Three of these policies allow the reusé of wastewater but have set
some limitations on the percentage of wastewater that may be reused in the total mix.
They also specified which applications wastewater may not be used for. Foﬁr SHA refer
to their current spebiﬁcations and say that wastewater can be reused as long as it meets
these specifications. Two SHA‘currently allow the use of stabilizer agents to hold Type
II wastewater overnight. Table 3-3 summarizes the specifications and comments of the

SHA that allow reuse of wastewater.
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Table 3-3. Specifications and Comments of the SHA That Allow Wastewater Reuse

Specification Responses

Refer to existing specification 4

Not to be used in structural decks 2
Limitations on amount of 5
wastewater used

Min. and Max. outdoor temperature 1

of application

Stabilizers are allowed to hold the »

wastewater or concrete overnight

From the six SHA that currently are considering reuse of wastewater, four
indicated that they have conducted studies to examine the effect of wastewater on
concrete properties. Their major concern seems to be the variability in the chemical
content of the wastewater and the effect this may have on quality control. Frequent
testing, approval of specific plants and treatment of wastewater are among the solutions
suggested by these agencies to deal with these uncertainties. Table 3-4 presents some of

these comments.
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Table 3-4. Comments of the SHA That Are Considering to Allow Wastewater Reuse

Comments Responses

Will require frequent testing of the water 2
Will allow only after approval of specific 1
plants | _
Recommend or require specific treatment

2
of the water
Concern about variability of the water 1
Concern about alkalinity 1

Analysis of Survey Responses

The high response rate of 82 % indicates there is a broad interest in the issue of
recycling wastewater in the production of fresh concrete. From the six SHA that
currentiy are considering the reuse of wastewater, four indicated that they have
conducted studies to examine the effect of wastewater on concrete properties. Their
majof concern seems to be the variability in the chemical content of the wastewater and
the effect this may have orlx quality control. Frequent testing, approval of specific plants,
and treatment of wastewater are among the solutions suggested by these agencies to deal
with these uncertainties.

The SHA that currently allow the reuse of wastewater have different policies.
Three of them allow the reuse of wastewater but have set some limitations on the
percentage of water that may be reused in the total mix. They also specified which

applications wastewater may not be used. Four SHA refer to their current specifications
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and say that wastewater can be reused as long as it meets these specifications. Two

SHA currently allow the use of stabilizer agents to hold Type II wastewater overnight.
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CHAPTER 4

A SURVEY OF FLORIDA READY-MIX CONCRETE PRODUCERS

Introduction
A survey was developed to collect data regarding source, quantity, quality, and
handling of wastewater from ready-mix concrete facilities in Florida (see Appendix B
for a sample of the questionnaire). The survey was distributed among ready-mix
concrete production companies around the state that are membe;'s of the FC&PA. Each
response represents the company’s data for an averag.e'plant"’s concréte production. A

total of 13 surveys were returned.

Survey Results

Table 4-1 represents the number of companies responding to the survey who
currently recycle Type II wastewater. Of the 13 survey responses, 10 replied that they
~ do recycle Type II wastewater in some manner. This number shows the level of interest

of the ready-mixed concrete industry on the topic of wastewater and their dedication to

dealing with it properly.
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" Table 4-1. Results of the Concrete Producers Survey Regarding
the Recycling of Type II Wastewater

Number of
Responses
Question Yes No
Does your company 10 3
recycle type II wastewater?

Companies were questioned about how they recycle wastewater and were also
asked to supply sketches arid brief descriptions of their recycling systems. All
companies responding claimed to use some type of closed loop multi-weir system where
the wastewater was collected in a series of settling oonds to remove the suspended
solids. See Appendix C for a typical concrete plant layout and recycling system design.
A number of different methods for the water’s reuse after the solids are removed were
presented. Table 4-2 represents company applieations for i'ecycled wastewater. Some
companies responded with more than one use for their recycled wastewater. Of the
companies who do recycle wastewater, the most popular application mentioned for its
reuse was to wash out the inside of the concrete mixer drums. Using recycled
wastewater to spray on aggregate piles was the second most popular response. Batching
concrete and cleaning the production plant and truck exterior were also nientioned as

applications for the wastewater.
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Table 4-2. Applications for Recycled Wastewater

Number of
Application Responses

Wash Out Inside of Concrete

. 8
Mixer Drum
Aggregate Spray 6
Concrete Batch Water 4
Wash Plant and Truck Exterior 1

Companies were then questioned on whether or not they have performed any
chemical or physical tests on their Type II wastewater to determine if it éomplies with
the FDOT’s specifications or ASTM C94, Specification for Ready-Mixed Concrete.
They were also asked to pfovide a copy of these test results if possible. Four out of the
thirteen compahies responding said they have tested their water to see if it met
specifications but none of them provided a copy of the results.

Table 4-3 represents suggeStions; based on individual éo‘fnpany experience,
concerning the best way to handle the large arhount of Type II wastewater. The majority
of the concrete prbducefs feel the best way to' reuse Wastewéter is by batching fresh
concrete with it and/or using it to spray aggregate piles. These results show the
industry’s concern for the reuse of wastewater and their desire to recycle it, to become a
cost reducing resource and an environmentally safe solution. The most popular method
mentioned to recycle the wastewater is the use of reclamation units or settling ponds. |
One interesting respon'se for the use of recycled wastewater is fo suppress dust in the

concrete plant.
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Table 4-3. Company Opinions on the Best Way to Handle Type II Wastewater

Number of

Response Responses
Concrete Batching Water 7
Reclamation Units/ Settling Ponds 5
Mixer Drum Wash 4
Aggregate Spray 3
Limit Amount Generated 2
Dust Suppressant on Plant Roads 1

Table 4-4 summarizes questions from the survey concerning the amount of
concrete produced and the quantity of water used for different applications. Based on
these responses the average concrete produced at ready-mix concrete plants in Florida
was 340 cubic yards per day (CY/Day). Since responses were in a range format, the
average was calculated by using 100 Cy/Day, 300 Cy/l)ay, and 500 Cy/Day for the
ranges 0-200 Cy/Day, 200-400 Cy/Day, and 400+ Cy/Day, respectively. The average
amount of water used per day was approximately 21,000 gallons with the greatest

portion of this being used as mixing water.
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Table 4-4. Average Daily Quantity of Water and Its Uses

Water Use
Avg. . ]

Concrete | Concrete | Aggregate | Mixer Drum Total
Production| Production |  Spray Wash Other Total Gallons/

Suvey | CY/Day | Galions/Day | Gallons/Day | Gallons/Day | Gallons/Day | Gallons/Day | Cuic Yard
1 300 12,000 12,000 40
2 500 14,000 14,000 28
3 100 3,000 8,000 1,200, 12,200 12
4 3000 6,000 600 3,000 9,600 7]
5 500! 20,000 2,000 6,000 2,000 30,000 60
7 500 10,300 9,720 7,400 500 27,920 56
8 300 7,500 9,000 13,000 8,000 37,500 125
9 300 10,625 1,875 12,500 42
12 300 8,000 - 10,000 3,000 10,000 31,000 108
Average 344| 10,158 6,553 5,068 5125 20,747 68

* Some surveys excluded due to incompatible data

Figure 4-1 represents the different water uses at concrete plants and their
respective contribution to the total amount of water used. Although the amount of Type
II wastewater produéed by the cleaning of the mixer drums is large; it can be seeh that
" the amount needed to spray aggregate and batch concrete is large enough to consume
this water if it were reused in these applications, thﬁs alleviating the problem. Other
water uses mentioned in the survey responses included: Washing the prqductic;n plant

and equipment exterior, controlling dust, and to filling the truck water tank.
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Other

Batch Water
39%

Mixer Drum Wash
19%

Aggregate Spray
24%

Figure 4-1. Water Applications

Table 4-5 represents survey responses pertaining to whether dr not the FDOT
allows the use of Type II wastewater in certain applications in the concrete production
process. Less than half of the companies responded that they are allowed to use
wastewater to saturate their aggregate piles. The number of responses claiming to be
allowed to use wastewater in any manner is surprisingly low considering that 10 out of

13 companies claimed to recycle their wastewater.
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Table 4-5. Florida Department of Transportation Wastewater Allowances

Type 11 Wastewater Use
Concrete _
Batching | Aggregate
Response ‘Water Spray Other
Allowed 1 5 1
Not Allowed 10 6 10
" Don’t Know 2. 2 2

The final question of the survey asked the respondents to give any comments or
suggestions that would help solve the problems faced by the ready-mix concrete industry
regarding the handling of Type II wastewater. The following is a summary of their
responses:

e “The Chappy Concepf”: concentrate all Type II wastewater in one location at the
high point of the plant so storm water doesn’t mix with it.

e “Both clariﬁed Type II‘ and slurfy water need to be approved for FDOT
applications. | According to our results, the clarified water meets the ASTM C94
specifications, but not the FDOT specifications."

e “The FDOT should allow the use of Type Il wastewater for aggregate spraying and
concrete production. No qualified testing to date has shown any negative impact
on the quality of ready-mix concrete when using Type II wastewater.”

. “The Ready—Mix Industry, FDOT, and other fegulatory agencies should form a
task force to seek agreed uses for Type II wastewater.”

e “The recycling of Type II wastewater through batching, stockpile irrigation, and

truck washout is paramount. Continuing the open dialogue and cooperation that
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exist between the concrete industry and federal, state, and local regulatory agencies
will no doubt lead to a suitable solution.”
e “Type II wastewater should be used for spraying aggregate piles and batching for

FDOT projects with criteria set for water standards.”

Analysis of Survey Responses

The environmental impact of wastewater discharge has been realized and
regulations have been enacted. The industry has begun to meet the state's requirements
for wastewater handling with multi-weir reclamation systems and now feel the need to
be permitted to reuse it. The comments from the concrete production industry reiterate
their desire and faith in the incorporation of wastewater into the production of concrete
as an aggregate spray, as a batching water, or any other application deemed acceptable.
The survey shows that recycling wastewater is a suitable solution to the problem as long
as it can be shown that wastewater reuse has no detrimental effects on concrete
properties. Results show that the quantity of water needed to batch concrete and to
spray on aggregate piles is large enough to incorporate all the wastewater produced.
The Florida Department of Environmental Protection has determined there is a need to
handle Type II wastewater, the Ready-Mix Concrete Industry has shown its willingness
to recycle it, now the task at hand is to prove its feasibility as a mix water complement

or substitute having no detrimental effects on concrete properties.

35



CHAPTER §

WATER SAMPLING & ANALYSES

For the purpose of this study, a water sampling and vanalysis test plan was
designed to determine the chemical properties of typical Type I and Type II wastéwater ’
béing produced at ready-mix concrete plants in Florida. The Florida Concrete and
Products Association (FC&PA) provided a list of concrete plants currently operating in
~ Florida. It is believed that wastewater management systenis Will be the standard in the
future and therefore the list was restricted to plants that are currently utilizing '
wastewater retention and management systems in accordance with the DEP’s general
permit for the handling of Type II wastewater. This list of ready-mix concrete plants
was then analyzed and 10 plants were selected to be fested. At least one site was
selected to represent each of the seven districts in Florida. Sites were also selected in
order to represent several different companies. Table 5-1 gives a list of these 10 sites

and is followed by a summary of several of the sites.‘ The water samples were tested for | »

properties that are limited by regulation and/or considered detrimental when used in the

production of concrete including:
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e total alkalinity

e sulfate content

e chloride content

e total solids

e total inorganic solids
e total alkalis

e total volatile solids

Testing of the water samples was performed by QST Environmental (see Appendix D).

Table 5-1. Water Sampling Sites

Company Site District
Ewell Industries Davenport 1
Florida Rock Industries Starke 2
CSR Rinker St. Augustine 2
Florida Mining & Materials Tallahassee 3
Continental Concrete Riviera Beach 4
Florida Rock Industries Clermont 5
Tarmac America North Miami 6
Ewell Industries Zephryhills 7
Florida Mining & Materials Winter Park 7
Florida Rock Industries Tampa 7

Description of Water Sampling Sites

The following is a description of several ready-mix concrete plants that were
sampled. These sites are considered to be typical of those in accordance with the DEP’s

general permit for handling of Type II wastewater.
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Starke
Florida Rock Industries

311 Edwards Road
Starke, FL. 32091

Plant description & layout:  The Starke plant is a medium size plant with a capacity of
approximately 8 tmcks. The plant site is only partly péved with concrete. The inside of |
the trucks’ mixer drums areldleaned with recycled Type II wastewater. A multi-weir
system consisting of 2 settling ponds is used to recycle the Type II wastewater. Type I
water samples Were taken at the point where the pump is lbcated (see figure 5-1). Type 1
wastewater from cleahing the outside of the trucks and plant eciuipment is retained in a
separate pond. This water is then reused to clean the outside of the trucks and to fill the
truck”s water tank. Type I wastewater safnples were collected at the point where the

pump is located (see figure 5-2).
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Figure 5-1. Sampling Type II wastewater at the Florida Rock ready mixed concrete
plant in Starke, FL. o ‘

Figure 5-2. Sampling Type I wastewater at the Florida Rock ready-mixed concrete plant
in Starke, FL.
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Davenport
Ewell Industries

115 Lem Carnes Road
Davenport, FL. 33837

Plant déscrzpfioh & layout: The Davenport plant is a medium size plant with a
capacity of approximately 8 trucks. The plant site is paved with concrete. The inside of
the trucks’ mixer drums are cleaned at a separate. location at the plant with recycled
Type II wastewater, which is céllected and recyéling in a multi-weir system consisting
of 3 settling ponds. Type II water samples were taken at the point where the pump is
located (see figure 5-3). No Type I collection pit was present and therefore no Type 1

wastewater was sampled from this site.

Figure 5-3. Sample location for Type II wastewater from Ewell plant in Davenport, FL.
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Tampa

Florida Rock Industries

5609 N. 50th Street

Tampa, FL. 33610

Plant description & layout: The Tampa plant is a relatively large batch plant with a
capacity of approximately 20 trucks. The plant site is partly paved with concrete. The
inside of the trucks’ mixer drums are cleaned at a separate location at the plant with
recycled Type II wastewater. A multi-wéir system consiéting of 3 settling ponds is used
to recycle the Type IT wastewater. This water is used again to clean the inside of the
trucks. Type I wastewater is more or less collected by a set of concrete irrigation
channels, these channels finally end up in a larger channel that ends in an unlined pit
located at the far end of the plant. The pump is located at the deepest side of the final
and largest pond. Type II water samples where taken at the point where the pump is

locafed and Type I wastewater samples were collected from an unlined pit at the end of

the property.

Zephyrhills
Ewell Industries

9032 Wire Road
Zephyrhills, FL. 33599

Plant description & layout: The Zephyrhills plant has a capacity of approximately 10
trucks. The plant site is partly paved with concrete. Type II wastewater at this site is
collected in a multi-weir system consisting of 4 settling ponds located at the lowest point

of the site. Type I wastewater is also collected in this system. Water from this recycling
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recycling system is used to clean the inside of the trucks’ mixer drums and for aggregate
irrigation. The pﬁmp is located at the deepest side of the final and largest tier. Tybe II
water samples were taken from the deepest point of the tier prior to the final tier (see
figure 5-4) and Type I wastewater samples were taken from the point whefé the pump is

located (see figure 5-5).

Figure 5-4. Location of Type IT wastewater samples from Ewell Industries ready-mixed
concrete plant in Zephyrhills, FL. '
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Figure 5-5. Type I wastewater sample location from Ewell plant in Zephyrhills, FL.

Clermont

Florida Rock Industries

15150 Pine Valley Blvd.

Clermont, FL. 32711

Plant description & layout: The Clermont plant is a relatively small and new batch
plant with a capacity of approximately 2 trucks. The plant site is completely paved with
concrete. Type II wastewater at this site is collected in a multi-weir system consisting of
3 settling ponds (see figure 5-6). The inside of the trucks’ mixer drums are cleaned with
tap water and collected in this system. From the final pond the water flows into a larger

unlined pit and allowed to filter into the ground. Type I water from cleaning the outside

of the trucks and cleaning of the plant is collected in two small concrete pits (see figure
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5-7). From these two pits the water flows into the same pit as the Type II wastewater.

The final unlined pit had an overflow that ended into a small lake located next to ihe

batch plant.

Figure 5-6. Taking a Type Il wastewater sample from the Florida Rock ready-mixed
concrete plant in Clermont, FL



Figure 5-7. Taking a Typel wastewater sample from the Florida Rock ready-mixed
concrete plant in Clermont, FL.

Tallahassee

Florida Mining & Materials

901 Mosley Street

Tallahassee, FL. 32304

Plant description & layout: The Tallahassee plant is medium size batch plant with a
capacity of approximately 7 trucks. The plant site is completely paved with concrete.
Type II wastewater at this plant is collected in a multi-weir system consisting of 3
settling ponds. This water is recycled and used to clean the inside of the trucks’ mixer
drum. From the final pond the water flows into a larger concrete pond located at the
center of the plant where it is combined with Type I wastewater. A pump is installed at

a niche of this larger pond. The water extracted by this pump is mixed with tap water

and reused as batch water, aggregate irrigation, and to clean the inside and outside of the
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mixer trucks. Type II wastewater samples were taken at the location of the pump and

Type I wastewater samples were taken using the tap water/wastewater mix.

Water Sampling Procedures

When possible, Type I and Type II wastewater samples were collected from each
site. Eight Type I wastewater samples and ten Type II wastewater samples were tested.
The Type II wastewater samples were collected as close as possible to the lbcation of the
water pump in the multi-weir system to most accuratély represent the type of water to be
recycled in the futﬁre. Three water samples of each type of wastewater were collected
from each site in 1-1iter polyethylene containers. One of the three samplgs was
preserved with 5 milliliters of nitric acid. This sample was used in the determination of
metal éontent in the wastewater. All samples were chilled to 4 degree centigrade to

assure the preservation of the sample.

Water Quality Specifications
ASTM C 94, AASHTO M 157, and FDOT Specification Section 923, all outline

specifications pertaining to the quality‘ of water to be used in the production of concrete.
These Speciﬁcations give limitations on water quality charaéteristics such as total
alkalinity, sulfate content, chloride content, alkalis, and total solids. Table 5-2 gives a
summary of the limitations set forth by these specifications. These specifications are
compared to the wastewater samples later in this chapter to deterrﬂine what wastewater
qualities do not meet current regulations. It can be seen from Table 5-2 that the ASTM

C 94 and AASHTO M 157 specifications pertaining to water quality have relatively
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identical limitations, the only difference in the amount of chloride ion allowed. ASTM

C94 allows 500 parts per million (ppm), while AASHTO M 157 allows 1000 pprh. The

FDOT specification has a similar allowance for chloride (as NaCl), 500 ppm. The

FDOT specification has no limitation for sulfate ion and divides solid limitations into

inorganic, 800 ppm, and volatile solids, 500 ppm.

Table 5-2. Water Quality Specifications

Specification
Chemical Limit (ppm) | ASTM C94 | AASHTO M 157 | FDOT
Total Alkalinity, as Ca
ey y - - 500
Sulfate, as SO4 3000 3000 -
Total Chloride, as NaCl | - - 500
Total Chloride, as Cl- 500 | 1,000 -
Total Solids 50,000 50,000 -
Total Inorganic Solids | - - 800
Total Volatile Solids - - 500
Alkalis, as NaO eqv. 600 600 -
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Water Analysis Results for Initial 10 Plants

Total Alkalinitys as CaCOs

According to FDOT specifications, the upper limit for total alkalinitys, as
CaCOs;, is 500 ppm. Three of the eight Type I wastewater samples (38%) and seven of
the ten Type 11 wastewafer samples (70%) exceeded the FDOT upper limit for Calcium
Carbonate. Values ranged from 47 ppm to 1;040 ppm for Type I wastewater‘ and from

100 ppm to 1,660 ppm for Type II wastewater.

Sulfate aé SO,

| Both AASHTO M 157 and ASTM C94 give an upper limit for sulfate content as
SO, of 3,000 ppm, FDOT has no limitation for sulfate content. All of the Type I and
Type II wastewater samples were below the acceptable limit for sulfates. Values ranged
from 8 ppm to 170 ppm for Type I wastewater and from 26 ppm to 521 ppm fér Type II

wastewater.

Total Chloride as NaCl

The FDOT’s upper limit for NaCl content is 500 ppm. . All of the Type I and
Type II wastewater samples were below the acceptable limit for chloride as NaCl.
Values ranged from 7 ppm to 99 ppm for Type I wastewater and from 15 ppmkto 122)

ppm for Type II wastewater.
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Total Chloride as Cl~

ASTM C94 and AASHTO M 157 give an upper limit for total chloride content,
as Cl 7, is 500 and 1,000 ppm, respectively. All of the Type I and Type II wastewater
samples were below the acceptable limit for chloride. Values ranged from 4 ppm to 60

ppm for Type I wastewater and from 9 ppm to 73 ppm for ije II wastewater.

Total Solids

ASTM C94 and AASHTO M 157 both give an upper limit of 50,000 ppm for
total solids. All of the Type I and Type II wastewater samples fell well below the
acceptable limit for total solids. Values ranged from 158 ppm to 1,090 ppm for Type I
wastewater and from 264 ppm to 2,190 ppm for Type II wastewater.
Total Iﬁorganic Solids

FDOT specifications give a maximum limit for total inorganic solids of 800
ppm. Two of the eight Type I wastewater samples (25%) and six of the nine Type II
wastewater samples (67%) exceeded the limit for total inorganic solid content. Values
ranged from 106 ppm to 1,080 ppm for Type I wastewater and from 156 ppm to 2,136

ppm for Type II wastewater.

Total Volatile Solids

FDOT specifications give a maximum limit for total volatile solids of 500 ppm.
All of the Type I and Type II wastewater samples were below the acceptable limit for
total volatile solids. Values ranged from 10 ppm to 88 ppm for Type I wastewater and

from 10 ppm to 108 ppm for Type II wastewater.
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Alkalis as Na,0 equivalent

Both ASTM C94 and AASHTO M 157 allow for an upper limit of 600 ppm for
alkalis, as NazO equivalent. All of the Type I and Type IT wastewater samples were
below the acceptable limit for alkalis as Na;O equivalent. Values ranged from 8 ppm to

165 ppm for Type I wastewater and from 30 ppm to 405 ppm for Type II wastewater.

Tables 5-3 gives a summary of the initial water analysis compared to FDOT
specifications and 5-4 gives a summary of initial analysis results compared to AASHTO

M 157, and ASTM C94 standards.

Table 5-3. Chemical Analysis vs. FDOT Specification

Total
Alkalinity Total Total ~ Total
,as Ca Chloride, | Inorganic Volatile
Sample COs as NaCl Solids Solids

FDOT 500 500 800 500
Starke I 86 28 316 27
Starke I1 1,250 120 1,882 38
St. Augustine I 1,040 99 513 32
St. Augustine I1 610 81 914 16
Riviera Beach I 78 35 311 11
North Miami I 100 71 326 11

Tampa I 47 48 222 <10
Tampa II 1,180 46 2,136 54

. Zephyrhills I 770 18 1,080 <10

Zephyrhills I 880 20 1,320 <10
Clermont I 82 18 360 16
Clermont 11 890 28 1,597 13
Tallahassee 1 137 7 106 52

_ Tallahassee I 650 16 156 108
~ Davenport 1 950 16 982 - 88
Davenport Il 1,660 46 1,873 97
Winterpark 11 202 15 312 55

Numbers in bold type do not meet FDOT specifications
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Table 5-4. Chemical Analysis vs. AASHTO M 157 & ASTM C9%4

AlKkalis
Sulfate Total , as
,as | Chloride | Total | Na,O
Sample SOy ,as Cl- | Solids | eqv.
AASHTOM 157 | 3,000 1,000 | 50,000 | 600
ASTM C9%4 3,000 500 50,000 600
Starke I 135 17 343 48
Starke I1 521 73 1,920 325
St. Augustine I 154 60 545 134
St. Augustine II 135 49 930 281
Riviera Beach II 56 21 322 80
North Miami 11 64 43 337 132
Tampa I 69 29 232 82
Tampa I 170 28 2,190 356
Zephyrhills I 170 11 | 1,090 165
Zephyrhills IT 188 12 1,330 183
Clermont 1 41 11 376 21
Clermont I 414 17 1,610 288
Tallahassee 1 8 4 158 8
Tallahassee I1 71 10 264 30
Davenport I 45 10 1,070 157
Davenport II 167 28 1,970 405
Winterpark 11 26 9 367 37

Water Analysis Results for Tap Water and Starke & Davenport Type II Wastewater

Of the ten sites sampled and analyzed, two were selected to be used in the study

for aggregate irrigation (Phase I) and as batch water (Phase II). The sites selected were

the Florida Rock Industries’ Starke plant and the Ewell Industries’ Davenport plant,

These sites were selected based on their wastewater’s high degree of total solids and

therefore represent a worst case scenario for the plants sampled and are assumed to be

representative of Type II wastewater produced at ready-mix concrete plants in Florida.

Water samples from these two sites were taken several more times throughout the study

to determine any variances. Table 5-5 gives a summary of the Starke Type II
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wastewafer analysis and Table 5-6 gives a summary of the Davenport Type Ii
wastewater analysis. ' Included in this phase of the water sampling and analysis 1s atap
water chemical analysis. Results can be found in Table 5-7. This tap water was used as
the control water in the concrete testing phase of this study and is discussed further in
chapter 6. The tap water samples met all criteria for acceptable water quality in the |

production of concrete and are thus not considered in the discussion below. -

Total Alkalinity as CaCQOs

According to FDOT specifications, the upper limit forvto‘tal alkaliﬁity, as CaCO;,
is 500 ppm. All samples were above this limit with the exception of the Davenport
sample used in Phase II of the study, which had an alkalinity of 340 ppm. Values ranged
from 556 ppm to 1,250 ppm for Starke Type II wastewater and from 340 ppm to 1,660

ppm for Davenport Type II wastewater.

Sulfate as SO4

Both AASHTO M 157 and ASTM C 94 give an upper limit for sulfate content as
SO, of 3,000 ppm. The FDOT has no limitation for sulfate content. All samples met the
criteria for acceptable sulfate content. Values raﬁged from 158 ppm to 554 ppm for
, | Starke Type II wastewater and frorﬁ 89 ppm to 167 ppm for Davenport Type II -+

wastewater.
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Total Chloride, as NaCl

The FDOT’s upper limit for NaCl content is 500 ppm. All samples met the
criteria for acceptable chloride content as NaCl. Values ranged from 58 ppm to 135
ppm for Starke Type TI wastewater and from 44 ppm to 55 ppm for Davenport Type II

wastewater.

Total Chloride as Cl”

ASTM C94 and AASHTO M 157 give an upper limit for total chloride content,
as Cl, is 500 and 1,000 ppm, respectively. All samples met the criteria for acceptable
chloride content as CI". Values ranged from 35 ppm to 82 ppm for Starke Type II

wastewater and from 27 ppm to 33 ppm for Davenport Type II wastewater.

Total Solids
ASTM C94 and AASHTO M 157 both give an upper limit of 50,000 ppm for
total solids. All samples met the criteria for acceptable total solids with a maximum

content of 2,400 ppm for the Starke wastewater used in Phase IL.

Total Inorganic Solids

FDOT specifications give a maximum limif for total inorganic solids of 800,
ppm. The majority of the Starke and Davenport Type 11 wastewéter samples exceeded
the limit for total inorganic solid content. Values ranged from 707 ppm to 2,3'90 ppm
for Starke Type II wastewater and from 286 ppm to 1,873 ppm for Davenport Type II

wastewater.
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Total Volatile Solidsk

FDOT specifications give a maximum limit for total volatile solids of 500 ppm..
All of the Starke and Davenport Type II wastewater samples were below the acceptable
limit for total volatile solids. Values ranged from 10 ppm to 363 ppm for Starke 'Type‘ II

wastewater and from 10 ppm to 97 ppm for Davenport Type II wastewater.

Alkalis as Na,O equivalent
Both ASTM C 94 and AASHTO M 157 allow for an upper limit of 600 ppm for

alkalis, as Na;O equivalent. The Phase 2 Starke Type II wastewater was the only
sample above the limit with 709 ppm. Values ranged from 138 ppm to 709 ppm for
Starke Type II wastewater and from 270 ppm to 405 ppm for Davenport Type II

wastewater.
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Table 5-5. Starke Type II Wastewater Chemical Analysis

Test Date
Chemical Phase1 | Phase Il

Tested 1/5/98 | 2/25/98 | 5/11/98 | 8/5/98
Total
Alkalinity as
CaCO; 1,250 | 556 596 610
(ppm)
Sulfate(ppm) | 521 158 554 279
Total
Chloride as 120 58 135 75
NaCl (ppm)
Total
Chlioride as 73 35 82 45
Cl- (ppm)
Total
Solids(ppm) 1,920 1,070 2,400 1,200
Total
Inorganic 1,882 707 2,390 1,154
Solids(ppm)
Total
Volatile 38 363 10 46
Solids(ppm)
Total Alkali
as Nay0 325 138 709 210
(ppm)

*numbers in bold face do not meet FDOT specifications
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Table 5-6. Davenport Type I Wastewater Chemical Analysis

Test Date
Chemical _ PhaseI | Phase Il
Tested 1/30/98 | 3/23/98 | 5/12/98 | 7/29/98
Total ; :
Alkalinity as 1,660 790 340 888
'CaCOj; (ppm)
Sulfate(ppm) 167 108 137 . 89
Total ’

- Chloride as 46 52 44 55
NaCl (ppm) '
Total
Chloride as 28 "~ 32 27 33
Cl-(ppm) - ‘

Total

Solids(ppm) 1,970 1,340 1,110 380
Total , :
Inorganic 1,873 1,330 1,061 286
Solids(ppm)

Total .

Volatile 97 10 49 . 94
Solids(ppm)

Total Alkali :

~ as Nay0 405 270 367 | 403
(ppm)

*numbers in bold face do not meet FDOT specifications
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Table 5-’7. Tap Water Chemical Analysis

Chemical Tested (ppm)
Total 36
Alkalinity(CaCOs)

Sulfate 85
Total Chloride (NaCl) 53
Total Chloride (Cl) 32
Total Solids 286
Total Inorganic Solids 214
Total Volatile Solids 72
Total Alkali as Nay0 27
Conclusions

It is assumed for this study that the Type II wastewater samples are
representative of Type II wastewater produced by the ready mixed concrete batch plaﬁts.
Therefore it may be concluded that the following characteristics of typical Type II
wastewater meet specifications designated by the FDOT, ASTM C§4, and AASHTOM
157 pertaining to the quality of wafer used in the production of concrete:

e Sulfate as SO4

e Total chloride as NaCl
e Total chloride as C1~
e Total solids

e Total volatile solids
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In general the samples were below the limit for alkalis as Na;0 equivalent of 600
ppm as designated by ASTM C 94 and AASHTO M 157 One sample was above this
limit with an alkali content of 709 ppm. This was the highest measured value

throughout the entire study.

The Type II wastewater samples did not meet current FDOT specifications
limiting total inorganic solids and alkalinity in the form of calcium carbonate (CaCOs).
The FDOT limitation for CaCOs is 500ppm. The greatest CaCOs content found in the
analysis was 1,660 ppm, more than triple the limit. The FDOT limitation for total
inorganic solids is 800 ppm. The greatest for total inorganic solid content found in the
analysis was 2,390 ppm, almost four times greater than the limit.

The Type I waétewater samples met all criteria specified by ASTM C 94 and AASHTO

M 157 for acceptable water quality for the production of concrete.
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CHAPTER 6

TEST MATERIALS AND METHODS

Introduction

The concrete testing portion of the study was split into two phases, Phase 1 and
Phase 2. The objective of Phase 1 was to determine the effect on concrete properties
when using Type II wastewater to irrigate coarse aggregate in the concrete production
process. The concrete in this phase was batched using tap water. Thé designs in the
first phase varied by the type of coarse aggregate used and type of water used to irrigate
said coarse aggregate. Aggregate irrigation was accomplished by soaking the coarse
aggregate in a 55 gallon drum filled with the pertinent water type.

Phase 2 was designed to determine the effects on concrete properties when using
Type IT wastewater to both irrigate the coarse aggregate and to batch the concrete. The
designs varied by the type of coarse aggregate used and the type of water used to irrigate
the coarse aggregate and to batch the concrete.

Each mix in both phases is designated by a two part code.‘ The first part -
represeﬁts the water type énd the second part represents the coarse aggregate type. The
control water (tap water), Starke Type II wastewater, and Davenport Type II wastewater,
are represented by STD, S, and D, respectively. The Brookesville, Oolitic, and Calera

coarse aggregates are represented by 005, 090, and 351, respectively. For example,
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STD-005 des1gnates a mix using Tap water and Brookesville coarse aggregate Tables

6-1 and 6-2 give a summary of the different mixes performed in Phase 1 and Phase 2,

respectively. The control samples produced in Phase 1 were used as a reference to

compare to the variable samples in both Phases 1 and 2.

Table 6-1. Phase 1 Mixes

7 Aggregate
Mix Coarse Irrigation Water
Designation | Aggregate Type Mix Date
STD-005 Brookesville Tap Water March 17,1998
S-005 Brookesville Starke Type I March 19, 1998
D-005 Brookesville | Davenport Type II April 2, 1998
STD-090 Oolitic Tap Water March 26, 1998
S-090 Oolitic - Starke Type II March 31, 998
D-090 Oolitic Davenport Type I April 7, 1998
STD-351 Calera Tap Water April 9, 1998
S-351 ‘Calera Starke Type I April 14, 1998
- D-351 Calera Davenport Type I1 April 16, 1998
Table 6-2. Phase 2 Mixes
Aggregate
Mix Coarse Irrigation & Batch
Designation | Aggregate Water Type Mix Date
S-00511 Brookesville ‘Starke Type 11 May 21,1998
D-00511 Brookesville | Davenport Type I May 28, 1998
S-09011 Oolitic Starke Type I1 June 2, 1998
D-09011 Oolitic Davenport Type 11 June 4, 1998
S-35111 Calera Starke Type 11 June 9, 1998
D-35111 Calera Davenport Type 11 June 11, 1998

A typical FDOT project mix design was used in the study. The mixes were

designed FDOT Class 1 Concrete having a 28 day compressive strength of 2,500 psi.
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The mixes were designed to produce 6.0 cubic feet of concrete, a slump of 3 inches (+/-
3”), and a water-cement ratio 0.50. Tables 6-3 and 6-4 give summaries of the mix

designs in Phase 1 and 2, respectively.

Table 6-3. Phase 1 Mix Designs

Mix Designation
Y| & | & |F|&|E&E|FP | & &
S| |&|g |8 |3 |a|=2|*"
o * < =
Material
Cz{)‘e)"t 767 | 835 | 835 | 835 | 835 | 835 | 835 | 835 | 835
Flg’nf‘)s" 192 | 209 | 209 | 209 | 209 | 209 | 209 | 209 | 209
Vz]l‘l‘)ts" 459 | 512 | 535 | 532 | 547 | 556 | 538 | 554 | 556
F "‘(‘l’bA)g& 2680 | 291.5 | 291.5 | 291.5 | 291.5 | 291.5 | 291.5 | 291.5 | 291.5
Coarse | 558 | 3808 | 380.5 | 377.7 | 3762 | 3753 | 425.7 | 427.9 | 4279
Agg. (Ib)
AirEntr. | 45 | 460 | 460 | 460 | 460 | 460 | 460 | 460 | 460
(ml)
Re‘g; ga“t 845 | 919 | 919 | 919 | 919 | 919 | 919 | 91.9 | 919

* STD-005 was designed for 5.5 cubic feet. All other mixes were designed for 6.0 cubic feet.
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Table 6-4. Phase 2 Mix Designs

Mix Designation |
e || 2|9 |2 |F
s 2|8 |g|g| 8
= |8 | B | & | B |E
Material
Cement
(b)) 83.5 | 83.5 | 83.5 | 83.5 | 835 | 835
Fly Ash ’

(Ib.) 20.9 | 209 [ 209 | 20.9 | 209 | 209
Water (Ib.) | 54.1 | 514 | 579 | 57.7 | 56.2 | 33.2

Fine Agg. ‘ 4

(1b) 201.5|291.5)291.5]291.5|291.5|291.5

~ Coarse ,

Agg. (Ib) |[379.9 | 382.6 | 373.0 | 373.2 | 427.3 | 4303
Air Entr.

(ml) 46.0 | 46.0 | 46.0 | 46.0 | 46.0 | 46.0
Retardant ,

(ml) 919 [ 919 | 919 | 919 | 919 [ 919

Materials

Coarse Aggregate

Three different no. 57 (max. nominal size 1”) coarse aggregates were used to
represent different regions of Florida. Brookesville Limestone éggregate was suppiied
by Vulc;an Induétries to represent Central Florida, Oolitic Limestone aggregate was‘
supplied by Rinker CSR to represeht South Florida, and Calera Limestone aggregate
was supplied by Vulcan Industries to represent the Panhandle and North Florida. Table

6-5 summarizes the grading characteristics of these aggregates and gives a comparison

- to the ASTM C33, Specification for Concrete Aggregates.

62



Table 6-5. Grading Characteristics of Coarse Aggregate

, Percent Passing ASTM C33 |
Sieve Size . | Brookesville | Oolitic Calera | Specification
1- 15 100% 100% | 100% 100%

17 99% 100% 99% 95% to 100%

Ve 30% 31% | 44% 25% to 60%
No. 4 4% 5% 3% 0% to 10%
No.8 3% 4% 2% 0% to 5%

No. 200 1.4% - 0.5% -

The specific gravity and absorption of the coarse aggregates were determined in
accordance with ASTM C127, Standard Test Method for Specific Gravity and

Absorption of Coarse Aggregate. Table 6-6 gives a summary of the results.

Table 6-6. Specific Gravity and Absorption of Coarse Aggregate

Coarse Aggregate | Specific Gravity Absorption
Brookesville 2.42 2.6%
Oolitic 2.39 3.7%
Calera 2.73 0.4%

Fine Aggregate
The fine aggregate used in the study was Keuka Silica Sand provided by Florida

Rock Industries. The fineness modulus was run in accordance with ASTM C 136,

Standard Test Method for Sieve Analysis of Fine and Coarse Aggregates, and

determined to be 2.33. This is in the acceptable range of 2.3 to 3.1 designated by ASTM

C 136. The absorption and specific gravity of the fine aggregate were determined in

63



accordance with ASTM C 128, Standard Test Method for Specific Gravity and
“Absorption of Fine Aggregate, to be 0.24% and 2.64, respectively. Table 6-7 .'

summarizes the grading results for the fine aggregate and figure 6-1 presents this

information in a grading curve.

Table 6-7. Grading Characteristics of Fine Aggregate

. Cumulative
Percent -ASTM % Retained,
Sieve Size Passing | Specification by Weight
3/8” - 100 0
No. 4 100% 95% to 100 0
No. 8 99% 80% to 100% 1
No. 16 90% 50% to 85% 11
No. 30 62% 25% to 60% 49
No. 50 15% 10% to 30% 134
No. 100 1% 2% to 10% 233*
No. 200 0% -

* 233/100=2.33 (fmenessbmodulus)

[—~—Fine Aggregate --=--Upper Limit --=--Lower Limit]|

100
g0
0 =
® 70 . A
§ 60 /
@ 50 —
a 40 7 .
R 30 et / 4
20 =
10 +—— e
0
(8] D ) O © L] A
v Q & o o s o
S & S S S

Sieve Size

Figure 6-1. Fine Aggregate Grading Curve
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Cement

A general purpose AASHTO Type I portland cement supplied by Broco
Technologies was used in the production of all concrete test spécimens. Table 6-8 gives
a summary of the chemical analysis and Table 6-9 summarizes the physical analysis

done on the cement.

Table 6-8. Cement Chemical Analysis

Analysis %
Max. Loss on Ignition 1.6
Insoluble Residue 0.31
Sulfur Trioxide 3.0
Magnesium Oxide 0.8
Tricalcium Aluminate 6.7
Total Alkali as Na,O 0.48
Silicon Dioxide -
Aluminum Oxide -
Ferric Oxide -
Tricalcium Silicate -
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Table 6-9. Cement Physical Analysis

Ahalysis
3 Day Strength 3350 psi
7 Day Strength 4720psi
Fineness : 208 yd¥/Ib
Initial Set Time 170 minutes
Final Set Time | 245 minutes
Autoclave Soundness -0.10

Admixtures
Mineral Admixtufes

A Class F fly ash finely divided mineral admixture was used in the mix design to
replace 20 percent of the portland cement, which is common for FDOT projects. The fly
ash was provided by Boral Technologies and Crystal River Power Plant was the source.

Table 6-10 summarizes the test report for the fly ash used in this study.

Table 6-10. Fiy Ash Test Report

Property - Result
gidde-s of Silicon, Iron & 85.14% ’
uminum
Sulfur Trioxide 0.3%
Moisture Content 0.7%
Loss on Ignition - 3.7%
Specific Gravity 2.02
Autoclave Expansion -0.03
% Passing 325 Sieve 30%
Strength Activity Index 80%
- Percent Water 100%
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Chemical Admixtures

The two commonly used, FDOT approved, chemical admixtures used in the
study were Darex air-entrainment admixture (DAREX® AEA®) and WRDA®-64 set
retarding admixture. The DAREX® AEA® is an aqueous solution of a complex mixture
of organic acid salts cbntaining a catalyst for the more complete and rapid hydration of
portland cement. Typical addition rates for DAREX°\D AEA® range from ¥% to 3 fluid
ounces per 100 pounds of cement. Air entraining admixtures increase the air content of
concrete resulting in increased workability and durability. The WRDA®-64 is a polymer
based aqueous solution of complex organic compounds, which produce a concrete with
a lower water content (typically an 8% to 10% reduction), greater plasticity, and greater
strength. Typical addition rates for WRDA®-64 rénge from 3 to 6 fluid ounces per 100
poundé of cement. DAREX® AEA® and WRDA®-64 are both products of Grace

Construction Products (see Appendix E).

Water

After analysis of the Type II wastewater samples, it was decided that the
wastewater samples with the highest degree of detrimenfal chemicals would be used in
the study as a worst case scenario. For this reason, Type II wastewater from ready-;rlix
concrete batch planté in Starke and Davenport were chosen to be used to soak the coarse
aggregate in Phase 1 and as mix water and to soak the aggregate in Phase 2. Tap water

from the FDOT State Materials Office in Gainesville, Florida was used as the control

water for the study (See chapter 5 for details).
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Test Program

A test program was designed to investigate the effects of Type II wastewater on
concrete properties. Taking into account past experiments performed on wastewater and
concerns stated by the FDOT, a test program was designed to determine the effectsv of
wastewater on both fresh and hardened concrete properties. The following is a brief

description of the tests performed. Table 6-11 summarizes the tests.

Compressive Strength

The compressive strength tests were performed according to ASTM C 39,
Standard Test Method for Compressive Strength of Cylindrical Coﬁcrete Specimens, by
the University of Florida’s Civil Engineering Department. Nine ﬁtandard 6” diameter x
12”cylinder test specimens were produced for each mix. The compressive ’strength tests

were performed on three test specimens at the ages of 7, 14, and 28 days.

Flexural Strength
The flexural strength tests were performed according to ASTM C 78, Standard

Test Method for Flexural Strength of Concrete (Using Simple Beam with ]hird—Point
Loading), to determine the modulus of rupture. Two 6”x 6”x 36” prism test specimens

were created for each mix. The flexural strength tests were performed at the age of 28

days.
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Modulus of Elasticity

Modulus of elasticity test were performed by the University of Florida’s Civil
Engineering Department according to ASTM C 469, Standard Test Method for Static
Modulus of Elasticity and Poisson’s Ratio of Concrete in Compression. The modulus of
elasticity is defined as the ratio of stress to strain in the elastic range of a stress-strain

curve.

Rapid Chloride Permeability
The Rapid Chloride Permeability test was performed according to ASTM C

1202, Standard Test Method for Electrical Indication of Concrete’s Ability to Resist
Chloride Ion Penetration, to determine the electrical conductance of concrete and to
provide an accelerated indication of its resistance to the penetration of chloride ions,
which may corrode steel reinforcement or prestressed strands. Two 4” diameter x 8”
cylinder test specimens were produced for each mix. The amount of electrical current
passing through a 2” slice of the 4”x 8” cylinder test specimen was monitored over a six-
hour period. Tests were performed at 28 day ages. It has been determined that the total

charge passed is related to the resistance of the specimen to chloride ion penetration.

Drying Shrinkage

Drying shrinkage tests were performed according to ASTM C 157, Standard Test
Method for Length Change of Hardened Hydraulic-Cement Mortar and Concrete, to
determine the length change of concrete due to causes other than .extemally applied

forces and temperature changes. Three 3”x 3”x 11.25” prism test specimens were

69



- produced for each mix. After one day of curing, the specimens were removed from the
molds and an initial reading was taken. The test specimens were then cu;ed in li;lle-
saturated water for 28 days. After a 28 day curing period, the specimens were removed
from the lime-saturated water and a second length reading was taken. The speciméns
were then stored in air at a constant temperature and humidity for the rémainder of the
test period. The specimens’ lengths were then measured 1, 2, 4, 8, 13, 20, and 32 weeks

after initial air storage.

Sulfate Expansion

The sulfate expansion tests were performed in accordance with ASTM C 1,01'2,
Standard Test Method for Length Change of Hydraulic-Cement Mor}ars Exposed to a
Sulfate Solution. This test was used to determine the length change of concrete
submerged in a sulfate solution. The test specimens used to perform the tests were 37x |
3”x 11.25” prisms. After 24 hours of curing, the test specimens were removed from the
molds and immediately placed in lime-saturated water where they were allowed to cure
for 28 days. After 28 days, the test specimens were removed from the lime-saturated
water and an initial length reading was taken. The test specimens were then stored in
solution of 50.0 grams of sodium sulfate per 900 millilitérs of water for the remainder of
‘the testing period. Subsequent length readings were taken 1,2,3,4,8, 137 and 15 weeks
after thé initial length reading.

| Fiexural strength tesfs were done on two of the sulfate samples for each mix.

The tests were run in accordance with ASTM 293, Standard Test Method  for Flexural

Strength of Concrete (Using Simple Beam with Center-Point Loading).

70



Impressed Current

The time to corrosion tests were performed in accordance with Florida Method
5-522, An Accelerated Laboratory Method for Corrosion of Reinforced Concrete Using
Impressed Current. The test is an accelerated method of testing reinforced concrete for
corrosion resistant properties. Three 4-inch diameter by 5.75-inch long cylinders were
produced for éach mix. Each test specimen was reinforced vertically with one No. 4
rebar. The top of the cylinder was finished with approximately a 108 taper from
horizontal (see Figure 6-2). The impressed current specimens were allowed to cure for
one day and then removed from their molds. The specimens were then moist cured for
28 days. The samples were then cured in a 5% NaCl solution for another 28 days. Each
test specimen was subsequently attached to a clqsed circuit power supply of 6 Volts
(see Figure 6-3). The current to each specimen was determined by measuring the
voltage drop on a daily basis using Ohm’s Law. Failure of the test specimens was

determined by a visually detectable crack or a large increase in current.

No, 4 rebar —— AC Power
§ 1P taper Input

e 3»

G Rectifler
O

‘.—ls S _‘l

B : 17 \r‘ §$Nn0l80htbn1 N’Zfr.w

Croas-ssotion A-

Figure 6-2. Impressed Current Figure 6-3. Impressed Current
Test Schematic Specimen Dimension
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Corrosion of Rebar in Concrete

The corrosion of rebar in concrete tests were performed in accordance with

ASTM G 109, Standard Test Method for Determining the Effects of Chemical Admixture

on the Corrosion of Embedded Steel Reinforcement in Concrete Exposed to Chloride
Environments. Three 4.5’;x 6”x 11” test specimens were produced for each mix (see
Figure 6-4). Each specimen was reinforced with three 15” long No. 4 bars. After being
femoved from the fqrms, the specimens were moist cured for 28 days. After the curing
period the test specimens were ponded using a 3% salt (NaCl) solution . The bottom
two bars were then connected with a groundihg wire and a 100-ohm resistor was
connected to all three bars. The voltage across the resister was measured after 2 weeks
and then every 4 weeks until visual corrosion could be seen or the average current in the

control specimens was 10pA or greater. The specimens were then broken and the extent

of corrosion on the rebar assessed.

3% NaC) Solution
Tape

Plexiglass Dam
GROUND CLAMP \

S in,
i emene 1) . emicsncenarmn———

i 1 In >

- 15 in. o

Figure 6-4.
G109 Concrete Beam (side view)
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Table 6-11. Hardened Concrete Property Tests

N umbér of

Test Designation Sample Size Samples
Compressive .
t2) ” + 1*

Strength ASTM C 39 6”x 12” cylinder 8+1

Flexural Strength ASTMC 78 67x 6°x 36 2
prism

Modulus of Py 197 mols

Elasticity ASTM C 469 6”x 12” cylinder 1

Rapid Chloride ASTM C 1012 #°x 8 cylinder 2

Permeability

Drying Shrinkage ASTM C157 Ix37x 11.25 3
prism

Sulfate Expansion ASTM C 1012 3x 3% 1125 5
prism

Impressed current FM 5-522 4x .5‘75 3

cylinder
Corrosion of Rebar ASTM G 109 117x 67x 4.5 3
in Concrete

*1 sample also tested for modulus of elasticity

In addition to these hardened concrete tests, standard fresh concrete tests

including slump, set time, unit weight, yield, and air content were also performed at the

time the concrete mix was batched. Table 6-12 is a summary of these tests.

Table 6-12. Fresh Concrete Property Tests

Test Designatidn Sample Size
Slump ASTM C 143 47x 8”x 12” cone
Set Time ASTM C 403 67x 6” prism
Unit Weight ASTM C 138 1/3 Cubic Foot
Air Content ASTM C 173 0.075 Cubic Foot
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CHAPTER 7

TEST RESULTS

For fhe purposes of this study, results have been divided into groups of coarse
aggregate type. This allows us to compare the effects 6n mixes using different
aggregaté irrigation water types (Control, Starke, and Davenport) and all other variables
" remaining constant. The three coarse aggregate groups are Brookesville (005), Oolitic
(090), and Calera (351). Phase 1 utilizes Type II wastewater fo; aggregate irrigation and
Phase 2 for aggregate irrigation and batch water. Results for each phase are presented

below.

Phase 1 Results

Slump

The slump tests were run in accordance with ASTM C 143. The objective was to
maintain the slump around 2”, which permits vibration of beam and prism samples
rather than rodding. Water content was adjusted to achieve the desired slump. The

rriajority of the mixes had a slump of 2 inches (see Table 7-4). All mixes were

determined to have good Workability with the exception of STD-005, which was stiff.
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Set Time

The set time tests were run in accordance with ASTM C 403. ASTM C 94
outlines the acceptable criteria for questionable water supplies with regards to set time to
be from 1 hour earlier to 1-1/2 hours later than that of the control. Both AASHTO M
157 and FDOT specifications give conblparablé‘qualiﬁcations for set time. All nine
mixes in phase 1 fell within this range. Overall long times of set can be attributed to the
set time tests being run in an air conditioned room with a constant temperature of about

72 degree Fahrenheit and the use of a Type D water reducer/retarder.

e Brookesville: The control mix (STD-005) in this group had an initial set time of 6
| hours 45 minutes and a final set time of 8 hours 30 minutes. The mix using Starke

wastewater with Brookesville aggregate (S-005) had little variation from the control
mix with initial and final set times of 5 and 10 minutes less than the control mix,
respectively. The mix using Davenport wastewater (D-005) had more variation in
set time compared to the control mix with initial and final set times of 45 minutes
and 60 minutes greater than the control mix, respectively. All mixes in this group
were determined to be within the acceptable tolerance for concrete produced with an

other than potable water supply.

e Qolitic: The control mix (STD-090) in this group had an initial set time of 6 hours
55 minutes and a final set time of 8 hours 45 minutes. The mix using Starke
wastewater (S-090) had initial and final set times of 25 minutes and 45 minutes

greater than that of the control mix, respectively. The mix using Davenport
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wastewater had initial and final set times of 20 minutes and 30 minutes greater than
that of the control mix, respectively. All mixes in this group were determined to be
within the acceptable tolerance for concrete produced with questionable water

supplies according to the ASTM C 94.

o Calera: The control mix (STD-351) in this group had an initial set time of 8 hours 15
fninutes and a final set time of 10 hours 50 minutes. The mix using Starke
f_wavstewater‘(S-35 1) had initial and final set times of 50 minutes less than that of the
control mix. The mix using Davenport wastewater (D-35 1) had initial an& final set
) times of 15 minutes greater than that of the control mix. All mixes in this group
were detérmined to be within the acceptable tolerance for concrefe producéd with

questionable water supplies according to the ASTM C 94.

- In general, the mixes using the Calera coarse aggregate had set times greater than
those of using Brookesville or Oolitic coarse aggregate although no absolute correlation
can be made. Table 7-1 gives a summary of the set time results and F igilres 7-1 and 7-2

give a graphical representation of the initial and final set time results, respectively.
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Table 7-1. Set Time

Variance Variance
Initial Set From Final Set From Air
Mix Time Control Time Control | Temp.
STD-005 | 6 hrs. 45 min, - 8 hrs. 30 min. - 73°F

S-005 6 hrs. 35 min. | -5 min. 8 hrs. 20 min. | - 10 min. 72°F

D-005 7hrs. 30 min. | + 45 min. | 9 hrs. 30 min. | + 60 min 74°F

STD-090 | 6 hrs. 55 min. - 8 hrs. 45 min. - 71°F

S-090 7hrs. 20 min. | +25 min. | 9 hrs. 30 min. | +45 min. 75°F

D-090 7hrs. 15 min. | + 20 min. | 9 hrs. 15 min. | + 30 min. 72°F

STD-351 | 8 hrs. 15 min, - 10 hrs. 35 min. - 76°F

S-351 7 hrs. 25 min. | - 50 min. |* 9 hrs. 45 min. | - 50 min. 70°F

D-351 8hrs. 30 min. | + 15 min. | 10 hrs. 50 min. | + 15 min. 69°F

Hours

10.0

8.0
7.67
7.50 .

7.25

& F & F F §

Mix

Figure 7-1. Initial Set Time Bar Graph
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Figure 7-2. Final Set Time Bar Graph

Unit Weight
Unit weight tests were run in accordance with ASTM C 138, Test Method for

Unit Weight, Yield, and Air Content of Concrete. The unit weights of the mixes ranged

from 138.3 Ib/cfto 146.21b/cf. Table 7-2 and Figure 7-3 summarize the results.

e Brookesville: The control mix (STD-005) in this group had a unit weight of 141.9
Ib/cf. Unit weights for samples using Starke and Davenport wastewater were both
determined to be less than that of the control mix with unit weights of 140.4 1b/cf
and 140.0 1b/cf, respectively.

e Qolitic: The greatest variance when comparing the unit weights of mixes using the

same aggregate and different water types was observed in the mixes containing
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Oolitic coarse aggregate. The control mix (STD-090) in this group had a unit weight
of 143.8 Ib/cf. Both mixes using Starke and Davenport wastewater had muc}»i lower
unit weights than that of the control mix, 139.4 Ib/cf and 138.3 lb/cf, respectively.
The variance in this group may be partially attributed to variance in water- cement
ratio and air content. However, the high unit weight for STD-090 may be due to an

error in reading or recording the weight.

Calera: Mixes in this group were determined to have the highest unit weight. This
is due to the higher density of the Calera coarse aggregate than that of the
Brookesville and Oolitic aggregates. The control mix in this group had a unit weight
of 145.3 Ib/cf. Both mixes using Starke and Davenport wastewater had higher unit

weights than the control mix, 146.1 Ib/cf and 146.2 1b/cf, respectively.

Table 7-2. Unit Weight

Variance
Unit Weight From
Mix (Ib/cf) Control
STD-005 141.9 -
S-005 140.4 -1.1%
D-005 140.0 -1.3%
STD-090 143.8 -
S-090 1394 3.1%
D-090 138.3 -3.8%
STD-351 1453 -
S-351 146.1 +0.5 %
D-351 146.2 +0.6 %
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Figure 7-3. Unit Weight Bar Graph

Air Content

Air content tests were performed in accordance with ASTM C 173, Standard
Test Method for Air Content of Freshly Mixed Concrete by the Volumetric Method. The
values for this test varied from 3 % air content for STD-005 to 4.6 % air content for

STD-351. Table 7-3 and Figure 7-4 summarize the results for air content.
o Brookesville: The control mix (STD-005) for this group had an air content of 3%,

Both mixes using Starke and Davenport wastewater had slightly higher air contents,

3.7 % and 3.2 %, respectively.
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e Oolitic: The control mix (STD-090) for this group had an air content of 3.7 %. Both

mixes using Starke and Davenport wastewater again had slightly higher air contents,

4.1 % and 4.6 %, respectively.

e Calera: The control mix (STD-351) for this group had an air content of 3.7 %. The
mix using Starke wastewater (S-351) had a lower air content, 3.4 %, than that of the

control mix. The mix using Davenport wastewater had a higher air content than the

control mix, 4.5 %.

Table 7-3. Air Content of Concrete Mixes

Mix Air Content (%)
STD-005 3
S-005 3.7
D-005 32
STD-090 3.7
S-090 4.1
D-090 4.6
STD-351 4.6
~ §-351 3.4
D-351 45
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Air Content (%)

STD-005

Table 7-4. Fresh Concrete Test Result Summary

5-005

D-005 STD-090

§-090 D-050

Mix

STD-351

F ighre 7-4. Air Content Bar Graph

§-351

D-351

Test
. Unit Mix Air
‘ Slump Set Time Weight | Temp | Content

Mix (in.) Initial Final (PCF) | (°F). (%)

STD-005 2.0 | 6hrs.45min. | 8 hrs. 30 min. 141.9 76 3
S-005 20 | 6hrs.35min. | 8 hrs. 20 min. 140.4 78 3.7
D-005 2.0 | 7hrs. 30 min. | 9 hrs. 30 min. 140.0 78 3.2
STD-090 | 2.0 | 6hrs. 55min. | 8 hrs. 45 min. 143.8 76 3.7
S-090 2.0 | 7hrs. 20min. | 9 hrs. 30 min. 139.4 76 4.1
D-090 | 2.0 | 7hrs. 15min. | 9hrs. 15min. | 1383 74 4.6
STD-351 | 2.75 | 8 hrs. 15 min. | 10 hrs. 35 min. 145.3 80 4.6
S-351 2.0 | 7hrs. 25 min. [ 9 hrs. 45 min. 146.1 72 3.4
D-351 1.75 8hrs. 30 min. | .10 hrs. 50 min. 146.2 74 4.5
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Compressive Strength

Results for the compressive strength test are an average of three specimeﬁs tested
at each interval of 7, 14, and 28 days. The ASTM C 94 acceptance criteria for the
compressive strength produced with a questionable water supply is at least 90 % of the
compressive strength of a sample iﬁcofporating potable water. Table 7-5 gives a
summary of the wateffcement ratio for each mix, which is inversely related to the

compressive strength.

Table 7-5. Water-Cement Ratio

Water-Cement
Mix Ratio
STD-005 0.54
S-00511 0.55
D-00511 0.54
STD-090 0.51
S-090I1 0.52
D-09011 0.52
STD-351 0.50
S-35111 0.49
D-35111 0.47

e Brookesville: The 7 day complfessive strengths for the mixes using Starke (S-005)
and Davenport @-005) wastewater were determined to be 3,580 psi and 3,990 psi,
respectively, greater than that of the control mix (STD-005), which had an average
compressive strength of 3,170 psi. At 14 days the average compressive strength of
the Starke wastewater mix (S-005) was lower, 4,080 psi, and the average
compressive strength of the Davenport mix (D-005) was higher, 4,440 psi, than that
of the control mix, which had an average 14 day compressive strength of 4,230 psi.

The 28 day compressive strength test determined the control mix to have the highest
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compressive strength, 5,130 psi, of the three mixes in this group. The Starke and
Davenport mixes had 28 day compressive strengths of 4,750 psi and 5,040 p;i,
respectively. All of the Starke and Davenport test specimens were within the 90 %
strength range designated by ASTM C 94. Figure 7-5 gives a graphical
representation of the results and Table 7-6 gives the complete results for the

Brookesville group.
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Figure 7-5. Compressive Strength vs. Time with Brookesville Coarse Aggregate

Table 7-6. Compressive Strength of Test Specimens with Brookesville Coarse
Aggregate

MIX STD-005| S-005 | D-005

7 DAY 3240 3660 3950
COMPRESSIVE | 2940 3480 3980
STRENGTH (psi)] 3340 3610 4040

STD. Dev. 208 93 46
Average 3173 3583 3990
14 DAY 4070 4030 4440

COMPRESSIVE | 4360 | 4100 4590
STRENGTH (psi)| 4260 4100 | 4290

STD. Dev. 147 40 150
Average 4230 4077 4440
28 DAY 5290 4750 4770

COMPRESSIVE 4860 4630 5140
STRENGTH (psi){ 5240 4880 5210
STD. Dev. | 235 125 236
Average 5130 4753 5040
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e Qolitic: The 7 day compressivg: strength of the control mix (STD-090) was 4,200
psi. The Starke mix (S-090) héd a 7 day compressive strength lower fhan th;t of the
control mix of 3,940 psi. The Davenport sample (D-090) had a 7 day compressive
strength of 3,740, which was the lowest in the group. At 14 days the compressive '
strengths increased at relatively the same rate. The control mix remained the |
strongest with a 14 day compressive strength of 4,830 psi with the Starke and
Davenport mixes having 14 day compressive strengths of 4,480 psi and 4,140 psi,
respectively. The 28 day compressiye strength tests determinéd the Davenport mix
fo be fhe weakest of the group with a 28 day compressive strength of 4,570 psi,
which was lower than the 14 comi)ressive strengths of the control and Starke mixes.
The Starke mix had the greatest iﬁcrease in corﬁpressive strength between the 14 and
28 day tests with a final 28 day compressive strength of 5,230 psi. The 28 ‘day
compreésive strength of the control mix was 5,070 psi. All the specimens sampled
in this group fell within the 90 % streﬁgth range designated by ASTM C94. Figure
7-6 gives a graphical representation of these results aﬁd Tablé 7-7 gives a complete

listing of the results for the Oolitic group.
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Figure 7-6. Compressive Strength vs. Time with Oolitic Coarse Aggregate

Table 7-7. Compressive Strength of Test Specimens with Oolitic Coarse Aggregate

MIX TD-09 | S-090 | D-090

7 DAY 4140] 3900 3700
comPRessVE | 4270 3960] 3690
STRENGTH(e) | 4180] 3980 3820

STD. Dev. 67 42 72
Average 4197| 3947 3737
14 DAY 4830| 4440 4060

compressive | 4890] 4610] 4290
STRENGTHIPe) ™ 4750] 4410] 4080

STD. Dev. 70 108 128
Average 4823| 4487| 4143
28 DAY ‘50101 5030] 4520

compressve | 5050] 5250 4540
STRENGTH(ps)) ™" 5990 5400] 4650
STD. Dev. 50 186 70
Average 5056| 5227| 4570
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e Calera: The Calera group generally had the lowest compressive strengths of the
three groups (Brookesville, Oolitic, and Calera). The highest 7 day compres;ive
strength in the grdup was that of the Davenport mik, which had an éverage 7 day
compressive strength of 3,650 psi. The Starke mix had an average 7 day |
compressive strength of 3,560 psi. The control mix in this group (STD-351) had the
lowest 7 day compressive strength, 3,230 psi. The 14 day compressive strength tests
determined the control mix and the Starke mix to have relativély similar average
compressive strengths of 3,870 psi and 3,840 psi, respectively. The Davenport mix
had the greafest average 14 day compressive‘strength in‘ the group, 4,160 psi. The
control mix had the highest average 28 day compréssive strength of 4,810 psi with
the Starke and Davenport mixes having average 28 day compressive strengths of
4,530 psi and 4,690 psi, respectively. All the samples in this group had average
compressive strengths greater than the 90 % strength rangekdesignated by ASTM C
94. Figure 7-7 gives a graphicalbrepresentation of these results and Table 7-8 gives a

complete listing of the results for the Calera group.
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Figure 7-7. Compressive Strength vs. Time with Calera Coarse Aggregate

Table 7-8. Compressive Strength of Test Specimens with Calera Coarse Aggregate

MIX TD-35 | S-351 | D-351

7oav - |_3310] 3590] 3590
compressve | 2870] 3510] 3560
STRENGTH(s) | 3510 3580] 3810

STD. Dev. 327] 44| 137
Average 3230 3560/ 3653
T4 DAY 3810] 3910] 4090

comrressve | 4000] 3500] 4150
STRENSTH(®=) [ 3800 4110] 4240

STD. Dev. 112 311 75
Average 3870| 3840f 4160
28 DAY 4740] 4230| 4630

compressIVE | 4860 4790 4590
STRENGTH(psi) [ 4820[ 4560 4850
STD. Dev. 61 281 140
Average 4307| 4527 4690
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In general, the mixes containing the Type II wastewater seemed to gain their
strength earlier in their curing period than the control mix; hewever, the cohtrol ;hix was
determined to have the greatest ultimate compressive strength with the exception of the
Oolitic aggregate group. It should be mentioned that the mixes were designed for a 28
day compressive strength of 2,500 psi and all were determined to have compressive
strengths well above this number with an average overall compressive strength of 4,870

psi. All samples fell within the 90 % strength range designated by ASTM C 94.

Modulus of Elasticity

When Brookesville aggregate was used the control mfx had a modulus of
elasticity of 4.58 x 10° psi. Results were 32 %, and 16 % lower than the reference mix,
respectively, when wastewater from Stark and Davenport was used. For the two other
types of aggregate, modulus of elasticity results were both higher aﬁd lower than the
reference mixes depending on the aggregate and water used. The differences however
were relatively small. Table 7-9 presents the results obtained for the various mixes.

Figure 7-8 gives a graphical representation.
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Table 7-9. Modulus of Elasticity

Modulus of Variance
Elasticity From
Mix (E + 06 psi) Control
STD-005 4.58 -
S-005 3.10 -32 %
D-005 3.84 -16 %
STD-090 - 3.05 -
S-090 3.40 +11%
D-090 2.88 -5%
STD-351 4.60 -
S-351 415 9%
D-351 4.63 +0.7 %
4.58 46 463
415
34 3.0
STD-005 ' $-005 N D-005 STD-080 ' D-090 ' STD-351 §-351 B D-351

Figure 7-8. Modulus of Elasticity Bar Graph
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Flexural Strength

Results for the flexural strength tests are an average of two test specimens tested
per mix. Tests were run according to ASTM C 78. Test results are summarized in Table

7-10 and Figure 7-9.

e  Brookesville: The control sample in this group (STD-005) had a flexural strength of
875 psi and the Starke mix (S-005) and Davenport mix (D-005) both had flexural

strengths of 780 psi.

e QOolitic: The control mix in this group (STD-090) had a flexural strength of 885 psi.
The Starke mix (S-090) had a flexural strength of 893 psi and the Davenport mix (D-

090) had flexural strength of 834 psi.
e Calera: The control mix in this group (STD-351) had a flexural strength of 896 psi.

The Starke mix (S-351) had a flexural strength of 903 pSi and the Davenport mix (D-

351) had flexural strength of 815 psi.
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Table 7-10. Flexural Strength

ASTM C 78
Flexural | Variance From
Mix Strength (psi) Control
STD-005 875 -
S-005 780 -10%
D-005 780 -10%
STD-090 885 -
S-090 893 +1%
D-090 834 -5%
STD-351 896 -
S-351 903 +1%
D-351 815 -1%
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9203

i
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700 - T —-r
STD-005 S-005 D-005

Figure 7-9. Flexural Strength Bar Graph
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Rapid Chloride Permeability

High, moderate, and low readings were obtained. It is clear from the results that
the age of the sample has ;che most effect on the outcome of the results. Sarﬂples ages of
28 days gave high readings with average values ranging from 2,747 Coulombs
(Moderate) to 5,107 Coulombs (High). At the 56 day age, samples showed less
propensity towards chloride permeability with values ranging from 1,523 Coulombs
(Low) for the S-351 sample to 3105 Coulombs (Moderate) for the S-090 sample. Table
7-11 gives a summary of the results and Table 6-12 gives a summary of the rating
system used for the rapid chlqride permeability tests. A graphical representatiqn of the.

28 and 56 day results is given in Figures 7-10 and 7-1 1; respectively.

Table 7-11. Rapid Chloride Permeability

28 day age 3 56 day age

Mix Coulombs | Rating | Coulombs | Rating
STD-005 4658 High 2825 Moderate
S-005 5107 High 2641 Moderate
D-005 4873 High 2770 Moderate
STD-090 4898 High 2792 Moderate
S-090 5016 High 3105 Moderate
D-090 4257 High 2573 Moderate

STD-351 3376 Moderate 1809 Low

S-351 2747 Moderate 1523 Low

D-351 3397 | Moderate 1748 Low
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Table 7-12. Value table for Coulomb rating

Value Rating
0-100 Negligible
101 - 1000 Very Low
1001 - 2000 Low
2001 - 4000 Moderate
4001 - up High

5107

5016

4658

4257

3376

3397

2747

T

|

$-005 D-005

STD-090 $0%0

Mix

D-080 STD-351

. 8351

D-351

Figure 7-10. Rapid Chloride Permeability 28 Day Results Bar Graph
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Figure 7-11. Rapid Chloride Permeability 56 Day Results Bar Graph

Drying Shrinkage

ASTM C157 requires the drying shrinkage to be reported as a percent increase or
decrease in lineal dimens@on to the nearest 0.001% of the gage length based on the initial
measurement made at the time of removal from the molds. The gage length in this test
is standardized to be 10 inches. The results are calculated as follows: |

AL = Lx_—L_i x 100
Lg

AL = change in length at x age, %

Ly = comparator reading of specimen at x age
L; = initial comparator reading of specimen
L, = nominal gage length (10.0 in.)
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Results presented in this study represent an average of three test specimens when
available. In some instances the test specimens were found to be too short in lenéth to
be measured by the comparator. In these cases, only the measurable test specimens were
considered. The overall greatest change in length was that of the mix incorporating
Davenport Type II wastewater and Calera coarse aggregate (D-351) with a decrease in
length compared to the gage length of 0.032 %. All of the nine mixes resulted in an
average decrease in length. Results as of the 13™ week are summarized in Table 7-13

and Figure 7-12

e Brookesville: The greatest percent change, when Brookesville Aggregate was used,
was produced by the Starke mix with a decrease in length of 0.028 % of the gage

length. The Davenport mix was found to have the highest standard deviation in this

group.

e Qolitic: The greatest average percent length change, when Oolitic aggregate was
used, was the control mix, which had a 0.029 % reduction in length compared to the

gage length. The greatest standard deviation was among the Starke samples.

e Calera: The greatest average percent length change, when Calera aggregate was
used, was the Davenport samples which had an decrease in length of 0.032 %
compared to the gage length. The Davenport samples had the highest standard

deviation in this group as well.
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Percent Shrinkage

Table 7-13. Drying Shrinkage Length Change Results (13 Week Age)

Mix Mean % Change | Std. Deviation
STD-005 -0.019 % N/A*
S-005 -0.011 % 0.0014 %
D-005 -0.028 % 0.0045 %
STD-090 -0.029 % 0.0040 %
-S-090 -0.024 % 0.0101 %
D-090 -0.027 % 0.0064 %
STD-351 -0.022 % 0.0035 %
S-351 -0.029 % 0.0042 %
D-351 -0.032 % 0.0078 %

* Only one suitable test specimen available

0.040%

0.020%

0.032%

0.030%

0.020% -

0.010% -

0.000% -

STD-005 $-005

D-005 STD-090 $-090
Mix

D-090 STD-351

Figure 7-12. Drying Shrinkage Bar Graph
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Sulfate Expansion

Initially five test specimens were produced for each mix. After 13 weeks 2 test
specimens were picked from each mix to be tested for modulus of rupture (discussed
below). The results presented for this test utilized all five test specimens. In some
instances, as was the case in the drying shrinkage tests, less than five test specimens
were measurable. In these cases the remaining suitable specimens have been used to
represent the mix. Only one of the nine mixes showed an increase in length when
exposed to sulfate with eight of the mixes producing specimgns, which on average had a
decrease in length when, exposed to sulfate. The values ranged from an average
increase of 0.002 % (D-090) compared to the gage length to an average decrease of
0.017 % (STD-351). Results from these tests are somewhat surprising since the
majority of the mixes showed a propensity to decrease in length when exposed to the
sulfate solution. Table 7-14 énd Figure 7-13 give a summary of the sulfate expansion
test results. In addition to the length change tests done on these specimens, flexural
strength tests were also done on two of the prism specimens according to ASTM C 293.
It should be noted that this test method produces values of flexural strength significantly
higher than that of ASTM C 78. Results of these tests are summarized in Table 7-15 and

Figure 7-14.

e Brookesville: All three samples in the Brookesville group showed a decrease in

length when exposed to sulfate. The largest decrease in length was that of the Starke
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e Qolitic: Two of the three samples in the Oolitic group produced samples with an
average decrease in length. The largest change in length in this group was the

control samples with an average decrease of 0.003 %. The Davenport samples had a

slight increased in length of 0.002 %.
e Calera: All of the three mixes in the Calera group showed a decrease in length

when exposed to sulfate. The largest increase in this group was the control mix with

an increase in length of 0.017 %.

Table 7-14. Sulfate Expansion Test Results

- Mix Mean % Change | Std. Deviation
STD-005 -0.004 % ' 0.0120 %
S-005 -0.008 % ~0.0075 %
D-005 -0.006 % : N/A*
STD-090 -0.003 % 0.0041 %
S-090 -0.002 % - 0.0115%
D-090 0.002 % 0.0045 %
STD-351 -0.017% 0.0070 %
S-351 ~ -0.013% 0.0028%
D-351 -0.008 % 0.0068%

* Only one suitable test specimen available
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Figure 7-13. Sulfate Expansion Bar Graph

Table 7-15. Sulfate Flexural Strength Test Results

ASTM C78
Flexural Strength Variance
Mix (psi) From Control

STD-005 1057 ' -

S-005 1456 +38 %

D-005 1301 +23%
STD-090 1564 -

S-090 1494 -4%

D-090 1205 -23%
STD-351 1360 -

S-351 1289 -5%

D-351 1271 -7%
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Figure 7-14. Sulfate Flexural Strength Bar Graph

Impressed current

Impressed current results ranged from 24 days to 51 days for time-to-failure.
The Calera group appeared to have the longest time-to-failure of all the groups on
average. Table 7-16 gives a summary of the impressed current test and Figure 7-15

gives a graphical representation of these results.
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Table 7-16. Impressed Current

Time-to-Failure | Resistance
Mix (days) (ohms)
STD-005 31 1372
S-005 ~ 35 1317
D-005 28 1205
STD-090 34 1195
S-090 24 1120
D-090 37 1450
STD-351 46 1607
S-351 51 1725
D-351 44 1540
60
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Figure 7-15. Time-to-Failure Bar Graph

Corrosion of Rebar in Concrete
Due to the long test period associated with this test, no results were available at

the time of this report.
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Phase 2 Results

Slump

The slump tests were run in accordance with ASTM C 143. As in Phase 1, water
content was adjusted to achieve slumps of about 2 inches. Resulting slumps rénged

from a low of 1.75” to a high 0of 2.25”.

Set Time

The set time tests were run in accordance with ASTM C 403. As discussed in
Phase 1, ASTM C 94 outlines the acceptable criteria for questiénable water supplies -
with regards to set time to be from 1 hour earlier to 1-1/2 hours later than that of the
control set time. Only one of the nine mixes fell outside this range (S-005II) with an
initial set time of 1 hour 5 minutes greater than that of the control mix. Table 7-17
summarizes the results and Figures 7-16 and 7-17 give a graphical representation of the

initial and final set times, respectively.

e Brookesville: The control mix (STD-005) in this group had an initial set time of 6
hours 45 minutes and a final set time of 8 hours 30 minutes. The mix using Starke
wastewater in this group (S-00511) had the greatest variance from the control sample
of all the mixes with initial and final set times of 1 hour 5 minutes greater and 10
minutes less than that of the control mix, respectively. The mix using Davenport

wastewater (D-005II) had initial and final set times of 20 and 45 minutes greater

than that of the control mix, respectively.
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e Oolitic: The control mix (STD-090) in this group had an initial set time of 6<hours
55 minutes and a final set time of 8 hours 45 minutes. The mix using Starke
wastewater in this group (S-090I1) had initial and final set times of 20 minutes and
40 minutes greater than that of the control mix, respectively. The mix using
Davenport wastewater in this group (D-090II) had initial and final set times of 30
minutes and 1 hour greater than that of the control mix, respectively. All mixes in
this group were determined to be within the acceptable tolerance for concrete

produced with questionable water supplies according to the ASTM C 94.

o Calera: The control mix (STD-351) in this group had an initial set time of 8 hours 15
minutes and a final set time of 10 hours 50 minutes. The mix using Starke
wastewater in this group (S-3511II) had initial and final set times of 35 minutes
greater and 10 minutes less than that of the control mix, respectively. The mix using
Davenport wastewater (D-35111I) had initial and final set times of 45 minute less than
that of the control mix. All samples in this group were determined to be within the
acceptable tolerance for concrete produced with questionable water supplies

according to the ASTM C 94.
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Table 7-17. Set Time

Variance

Variance
Mix Initial Set Time | From Control | Final Set Time | From Control
STD-005 6 hrs. 45 min. - 8 hrs. 30 min. -
S-00511 7 hrs. 50 min. 1 hr. 5 min. 8 hrs. 20 min. - 10 min.
D-005IT 7 hrs. 5 min. + 20 min. 9 hrs. 15 min. + 45 min.
STD-090 | 6 hrs. 55 min. - 8 hrs. 45 min. -
S-09011 7 hrs. 15 min. + 20 min. 9 hrs. 25 min. + 40 min.
D-09011 7 hrs. 25 min. + 30 min. 9 hrs. 45 min. + 60 min.
STD-351 | 8 hrs. 1S min. - 10 hrs. 35 min. -
S-351I1 | 8 hrs. 50 min. +35min. | 10 hrs. 25 min. - 10 min.
D-35111 7 hrs. 30 min. - 45 min. 9 hrs. 50 min. =45 min.

Hours

10.0

8.83

0.0 4

P R

Figure 7-16. Initial Set Time Bar Graph
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Unit Weight
| Unit weight tests were run in accordance with ASTM C 138. The unit weights of

the mixes fell within the range of 138.2 Ib/cfto 145.7 Ib/cf. Table 7-18 and Figure 7-18

summarize the results.

) Brbokesville: The control mix (STD-005) in this group had a unit weight of 141.9
Ib/cf. The mixes using Starke (S-0051T) and Davenport (D-005II) wastewater in this

group had unit weights of 139.5 Ib/cf and 141.0 Ib/cf, respectively.

e Oolitic: The control mix (STD-090) in this group had a unit weight of 143.8 Ib/cf.

The mixes in this group using Starke (S-090II) and Davenport (D-0901T) wastewater
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had unit weights of 138.4 Ib/cf and 138.2 Ib/cf, respectively. The variance in this

group may be attributed to variance in water/ cement ratio and air content.

'Calera: The control mix in this group had a unit weight of 145.33 Ib/cf. The mix in

this group using Starke wastewater had a unit weight of 144.6 Ib/cf and the

Davenport mix had unit weight of 145.7 Ib/cf.

Table 7-18. Unit Weight' of Concrete Mixes

~ Variance
: Unit Weight From
Mix (1b/cf) Control
STD-005 141.9 : -
S-0051L 139.5 -1.73%
D-00511 141.0 -0.68 %
STD-090 143.8 -
S-090I1 1384 -3.78%
D-090I1 138.2 -3.92 %
STD-351 145.3 -
S-35111 144.6 -0.50%
D-3511I1 145.7 0.25%
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Air Content

Air content tests were performed in accordance with ASTM C 173. Air contents

ranged from 3.0 % to 4.6 %. Table 7-19 and Figure 7-19 summarize the results for air

content.

e Brookesville: The control mix (STD-005) for this group had an air content of 3.0 %.

L4

The Mixes using Starke and Davenport wastewater had air contents of 4.0 % and 4.6

%, respectively.

e Qolitic: The control mix (STD-090) for this group had an air content of 3.7 %. The
Mixes using Starke and Davenport wastewater had air contents of 4.5 % and 3.8 %,

respectively.
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e Calera: The control mix (STD-351) for this group had an air content of 4.6. The
Mixes using Starke and Davenport wastewater had air contents of 4.4 % and 4.0 %,

respectively.

Table 7-19. Air Content of Concrete Mixes

Mix Air Content (%)
STD-005 3.0
S-00511 4.0
D-00511 4.6
STD-090 3.7
S-09011 4.5
D-09011 3.8
STD-351 4.6
S-35111 44
D-35111 ' 40
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Figure 7-19. Air Content Bar Graph
Table 7-20. Fresh Concrete Test Result Summary
" Test
. Unit Mix Air
Slump Set Time Weight | Temp | Content
Mix (in.) Initial Final - (PCF) | (°F) (%)
STD-005 | 2.0 | 6hrs. 45 min. | 8 hrs. 30 min. 141.9 76 3.0
S-0050 | 1.75 | 7hrs. 50 min. | 8 hrs. 20 min. | 139.5 76 4.0
D-00511 20 | 7hrs. S5min. | 9hrs. 15min. | 141.0 75 4.6
STD-090 | 2.0 6 hrs. 55 min. | 8 hrs. 45 min. 143.8 76 3.7
S-09011 20 | 7hrs.15min. | 9hrs. 25 min. | 1384 80 4.5,
D-090IT | 225 | 7hrs.25min. | 9hrs. 45Smin. | 138.2 80 3.8
STD-351 | 2.75 | 8hrs. 15min. | 10 hrs. 35 min. | 145.3 80 4.6
S-35111 1.75 | 8hrs. 50 min. | 10 hrs. 25 min. | 144.6 75 44
D-35111 2.0 | 7hrs. 30 min. | 9 hrs. 50 min. 145.7 78 4.0
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- Compressive Strength

Results for the compressive strength test are an average of three specimer;s tested
at each interval of 7, 14, and 28 days. As in Phase 1, ASTM C 94 requires the
compressive strength produced with a questionable water supply to be at least 90 % of
the compressive strength of a sample incorporating potable water. Table 7-21 gives a

summary of the water-cement ratio for each mix, which is inversely related to the

compressive strength.

Table 7-21. Water-Cement Ratio

Water-Cement
Mix Ratio
STD-005 0.54
S-00511 0.53
D-00511 0.52
STD-090 0.51
S-0901I1 0.49
D-0901I1 0.49
STD-351 0.50
S-35111 0.49
D-35111 0.47

e Brookesville: The 7 day compressive strengths for mixes using Starke (S-005) and
Davenport (D-005) wastewater were determined to be much greater than that of,the
control mix (STD-005) which had an average compressive strength of 3,170 psi. At
14 days the compressive strengths of the Starke (S-005II) and Davenport (D-00511)
mixes were again both greater than that of the control mix, which had a 14 day
compressive strength of 4,230 psi. The 28 day compressive strengths of the three

mixes in this group were relatively close. The control mix (STD-005) had a 28 day
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compressive étrength of 5,130 psi and the Starke (S-0051I) and Davenport (D-0051I)
mixes had 28 day compressive strengths of 5,230 psi and 5,280 psi, respecti\;ély. All
of the Starke and Davénport test specimens were within the 90 % strength range
designated by ASTM C 94. Figure 7-20 gives a graphical representation of the

results and Table 7-22 gives the complete results for the Brookesville group.
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Figure 7-20. Compressive Strength vs. Time with Brookesville Coarse Aggregate

Table 7-22. Compressive Strength of Test Specimens with Brookesville Coarse

Aggregate
MIX STD-005| S-0051l | D-005I|

7 DAY 3240 4630 4590
COMPRESSIVE 2940 4460 4500
STRENGTH (psi) 3340 4390 4730
STD. Dev. 208 123 116
Average 3173 4493 4607
14 DAY 4070 5040 4640
COMPRESSIVE 4360 4720 4610
STRENGTH (psi) 4260 5000 4700
STD. Dev. 147 174 46
Average 4230 4920 4650
28 DAY 5290 5230 4760
COMPRESSIVE 4860 5150 5440
STRENGTH (psi) 5240 5310 5650
STD. Dev. 235 80 465
Average 5130 5230 5283
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Oolitic: The 7 day compressive strength of the control mix (STD-090) was 4,200
psi. The Starke mix (S-090II) had an average 7 day compressive strength of: >3,880
psi, lower than that of the control mix. The Davenport sample (D-090II) had a 7 day
compressive strength of 4,270 psi. The control mix had a 14 day compressive
strength of 4,820 psi and the Starke and Davenport mixes had 14 day compressive
strengths of 4,400 psi and 4,920 psi; respectively. The 28 day compressive strength
tests determined the control mix to be the weakest of the group with a 28 day
compressive strength of 5,060 psi. The Starke and Davenport mixes had final 28 day
compressive strengths of 5,120 psi and 5,380 psi, respectively. All the specimens
sampled in this group fell within the 90 % strength range designated by ASTM C94.
Figure 7-21 gives a graphical representation of the results and Table 7-23 gives a

complete listing of the results for the Oolitic group.
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Figure 7-21. Compressive Strength vs. Time with Oolitic Coarse Aggregate

Table 7-23. Compressive Strength of Test Specimens with Oolitic Coarse Aggregate

MIX STD-090| S-09011 | D-090Il

7 DAY 4140 3840 4360
COMPRESSIVE 4270 3850 4150
STRENGTH (psi) 4180 3940 4300
STD. Dev. 67 55 108
Average 4197 3877 4270
14 DAY 4830 4490 5000
COMPRESSIVE 4890 4240 4990
STRENGTH (psi) 4750 4470 4770
STD. Dev. 70 139 130
Average 4823 4400 4920
28 DAY 5010 5100 5270
COMPRESSIVE 5050 5100 5390
STRENGTH (psi) 5110 5150 5480
STD. Dev. 50 29 105
Average 5056 5117 5380
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e Calera: The highest 7 day compressive strength in the group was that of the

Davenport mix (D-3511I), which had an average 7 day compressive strength (;f 4,110
psi.‘ The Starke mix (S-3511I) had an average 7 day compressive strength of 3,760
psi. The control sample in this group (STD-351) had the lowesf 7 day compressive
strength, 3,230 psi. Strength tests determined the control mix to have the lowest 14
day compressive strength, 3,870 psi. The Starke and Davenport mixes had 14 day
compressive strength of 4,270 psi and 4,800 psi, respectively. The control mix and
the Davenport mix had identical 28 day compressive strengths of 4,810 psi. The
Starke mix had the greatest 28 day compressive strength, 5,150 psi. All the samples
in this group had compressive strengths gfeater than the 90 % strength range
designated by ASTM C 94. Figure 7-22 gives a graphical representation of these

results and Table 7-24 gives a complete listing of the results for the Calera group.
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Figure 7-22. Compressive Strength vs. Time with Calera Coarse Aggregate

Table 7-24. Compressive Strength of Test Specimens with Calera Coarse Aggregate

MIX STD-351] S-351l1 | D-351ll

7 DAY 3310 3970] 4020
COMPRESSIVE 2870 3720 4100
STRENGTH (psi) 3510 3590] 4210

STD. Dev. 327 193 95
Average 3230 3760 4110
14 DAY 3810 3960| 4670

COMPRESSIVE 4000| 4230| 4690
STRENGTH (psi) 3800 4610] 5030

STD. Dev. 112 327 202
Average 3870 4267 4797
28 DAY 4740 5110f 4810

COMPRESSIVE 4860 5150 4780
STRENGTH (psi) 4820 5200 4830
STD. Dev. 61 45 25
Average 4807 5153 4807
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In general, the samples containing the Type II wastewater seemed to gain their
strength earlier in their curing period than the control samples, as was the case inﬂ‘Phase
1. Again, all the mixes were well above their designed compressive strength of 2,500
psi, with an overall average 28 day compressive strength of 4,920 psi. All samples fell

within the 90 % strength range designated by ASTM C 94.

Modulus of Elasticity

The control mix had a modulus of 4.58 x 10° psi when Brookesville aggregate
was used. Results were 33 %, and 32 % lower than the reference mix, respectively,
when wastewater from Stark and Daveﬁport was used. The Oolitic group had relatively
identical moduli of elasticity, in the range of 3.05 x 105 psi to 3.08 x 10® psi. In the
Calera group the control mix had a modulus of elasticity of 4.60 x 10® psi and the
Starke and Davenport mix result; ‘were about 20% lower. Only one specimen per mix
was tested for modulus of elasticity, which may account for the high variance. Table 7-

25 and Figure 7-23 summarize the resuits.
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Table 7-25. Modulus of Elasticity

Modulus of | Variance
Elasticity From
Mix (E + 06 psi) Control
STD-005 4.58 -
S-00511 3.08 -33%
D-00511 3.11 -32%
STD-090 3.05 -
S-09011 3.02 -1%
D-09011 3.08 +1%
STD-351 4.60 -
S-35110 3.59 22%
D-35111 3.66 21 %

3.66

4,58
STD-005

46
| 359

3.08 an 3.05
S-00511 D-00SH  STD-0%0 . S-090M DO%ON  STD-351 S35
Mix

Figure7-23. Modulus of Elasticity Bar Graph
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Flexural Strength

Results for the flexural strength tests are an average of two test specimené per

mix and are summarized in Table 7-26 and Figure 7-24. Values ranged from 759 psi to

952 psi. Flexural strength tests in Phase 2 were run in accordance with ASTM C78.

e Brookesville: The control mix in this group (STD-005) had a flexural strength of
875 psi. The Starke mix (S-005II) had a flexural strength of 784 psi and the

Davenport mix (D-005II) had flexural strength of 810 psi.

e Oolitic: The control mix in this group (STD-090) had a flexural strength of 885 psi.
The Starke mix (S-090II) had a flexural strength of 759 psi and the Davenport mix
(D-0901II) had flexural strength of 826 psi.

e Calera: The control mix in this group (STD-351) had a flexural strength of 896 psi.
The Starke mix (S-3511I) had a flexural strength of 927 psi and the Davenport mix

(D-0901I) had flexural strength of 952 psi.
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Table 7-26. Flexural Strength

Flexural Variance
Strength From
Mix (psi) Control
STD-005 875 -
S-005 784 -10%
D-005 810 -7%
STD-090 885 -
S-090 759 -14%
D-090 826 -71%
STD-351 896 -
S-351 927 +3%
D-351 952 +6%
952
927
875 ‘ 896
1 810 826
’ STD-005 ’ S-00511 - D-0051 l STD-030 I D-0901l o STD-351 l 8.35111 , D-3511

Figure 7-24. Flexural Strength Bar Graph
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Rapid Chloride Permeability

High, moderate, and low readings were obtained. Sample ages of 28 day; gave
average values ranging ‘fro}m 2,549 Coulombs (Moderate) to 5,667 Coulombs (High). At
the 56 day age, samples showed less propensity toward chloride permeability with
values ranging from 1,259 Coulombs (Low) to 2,906 Coulombs (M_oderate). Table 7-27
gives a summary of the results. Figures 7-25 and 7-26 give a graphical representation of

the 28 day and 56 day results, respectively.

Table 7-27. Rapid Chloride Permeability

28 day age 56 day age
Mix Coulombs | Rating | Coulombs | Rating

STD-005 4658 High 2825 Moderate
S-00511 5667 High 2906 Moderate
D-00511 5662 High 2589 Moderate
STD-090 4898 High 2792 Moderate
S-09011 4232 High 2165 Moderate
D-09011 5503 High 2439 | Moderate
STD-351 3376 Moderate 1809 Low
S-3511 |, 2634 Moderate 1259 Low
D-35110 2549 Moderate 1259 Low
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Figure 7-25. Rapid Chloride Permeability 28 Day Results Bar Graph

3500

3000

2508
2825 2192
1809
: : » 1289 . 1259
i ‘
500 -
o= . . r ' , . ,

STD-005 S-00511 D-00511 STD-080 S-0901 D-0301l STD-351 S-351H D-3511
Mix

]
8

8
s

-

o

8
"

g
s

Figure 7-26. Rapid Chloride Permeability 56 Day Results Bar Graph
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Drying Shrinkage

Results presented in this study are an average of three test specimens when
available. | The overall greatest change in length was that of the mix incorporating
Davenport TypeﬁII wastewéter and Brookesville coarse aggregate (D-005II) with a
decrease in length compared to the gagé length of 0.045 %. All of the nine mixes
resulted in an average decrease in length. Mixes using Type II wastewater‘tended to
decrease in length more thafl the control mixes. Resulfs as of the 13" wéek are given in

Table 7-28 and Figure 7-27 gives a graphical representation.

e Brookesville: The greatest percent change, when Brookesville Aggregate was used,
was produced by the Davenport mix with a decrease in length of 0.045 % of the gage

- length. The Starke mix (S-005II) decreased 0.031 % compared to the gage length.

e Qolitic: The greatest average percent length change, when Oolitic aggregate was
used, was the Starke sample (S-090II), which had a 0.043 % reduction in length
compared to the gage length. The Davenport mix (D-090II) displayed similar

characteristics with a decrease in length 0f 0.042 %.
e (alera: The greatest average percent length change, when Calera aggregate was

used, was the Starke mix (S-3511II), which had a decrease in length of 0.040 %

" compared to the gage length.

125



Table 7-28. Drying Shrinkage Length Change Results (13 Week Age)

Mix Mean % Change | Std. Deviation

STD-005 -0.019% N/A*
S-00510 -0.031% 0.007%
D-00511 -0.045% 0.006%
STD-090 -0.029% 0.004%
S-09011 -0.043% 0.003%
D-09011 -0.042% 0.005%
STD-351 -0.022% 0.004%
S-35111 -0.040% 0.023%
D-35111 -0.034% 0.009%

* Only one suitable test specimen available

0.050%

0.045%

0.043%

0.040%

0.030%

Percent Shrinkage

3

0.010%

0.000%

D-0051

Mix

Figure 7-27. Drying Shrinkage Bar Graph
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Sulfate Expansion

The values for the sulfate expansion tests ranged from an average |
decrease of 0.004 % to 0.032% compared to the gage. Table 7-29 and Figure 7-28 give

a summary of the sulfate expansion test results.

* Brookesville: All three samples in the Brookesville group showed a tendency to
decrease in length when exposed to sulfate. The largest decrease in length was that

of the Davenport mix, which shrank 0.024 % compared to the gage length.

¢ Qolitic: All three samples in the Oolitic group showed a tendency to decrease in
length when exposed to sulfate. The largest change in length in this group was the

Starke mix with an average decrease of 0.027 %.

e Calera: All of the three mixes in the Calera group showed a decrease in length
when exposed to sulfate. The largest decrease in this group was the Davenport mix

with a decrease in length of 0.032 %.

Table 7-29. Sulfate Expansion Test Results

Mix Mean % Change | Std. Deviation

- STD-005 -0.004% 0.0120%
S-00511 -0.021% 0.0071%
D-00511 -0.024% 0.0151%
STD-090 | -0.003% 0.0041%
S-09011 -0.027% 0.0202%
D-090 -0.020% 0.0089%
STD-351 -0.017% 0.0070%
S-351I1 - -0.030% 0.0145%
D-35111 - -0.032% 0.0110%
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Figure 7-28. Sulfate Expansion Bar Graph

Impressed current

Impressed current results ranged from 16 days fo 47 days. As was the case in
Phase 1, the Calera group appeared to have the longest time-to-failure of all the groups.
In the Brookesville and Oolitic groups, the time-to-failure noticeably lower than the |
control mix when Type II wastewater was used. Table 7-30 and Figure 7-79 give a

summary of the impressed current test results.
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Figure 7-29. Time-to-Failure Bar Graph

129

Time-to-Failure | Resistance
Mix (days) (ohms)
STD-005 31 1372
S-00511 .23 1040
D-00511 24 1182
STD-090 34 1195
S-09011 16 974
D-0901T 19 1077
STD-351 46 1607
S-35111 38 1281
D-35111 47 1598
. 47
3B
31 ‘
] » 23 I
) STD-005 . S-0051 ‘ D-00511 ' STD-090 SDI ' 90! STD-351 ' S35t - ' D-3511




Corrosion of Rebar in Concrete

Due to the long test period associated with this test, no results were available at

the time of this report.
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CHAPTER 8

CONCLUSIONS AND RECOMMENDATIONS

The following conclusions can be made from the informati‘on reported in this
document:

1. Tt appears from the survey of State Highway Agencies that the majority do not
currently allow the reuse of Type II wastewater in the production of concrete, but
several states are investigating this option.

2. The survey of ready-mix concrete plants in Florida clearly indicates that the ready-
mix industry is very interested in recycling Type II wastewater into concrete
production.

3. The Type II wastewaters used in this study were chosen on the basis of their high
total solids content, which although they met the water quality standérds of
AASHTO M 157, “Standard Specification for Ready-Mixed Concrete,” they did not
meet the FDOT water quality specification, Section 923 entitled, “Water for

Concrete.

4. Phase 1 test results indicate that Type II wastewater has no significant effect on.fresh
concrete properties, mechanical properties of hardened concrete, length change,
sulfate resistance and corrosion resistance of hardened concrete, when used to

saturate the limestone coarse aggregates used to produce Class I concrete.
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5. Phase 2 test results also indicate that Type II wastewater has no significant effect on
fresh concrete properties, mechanical properties of hardened concrete, lengt};
change, sulfate resistance and corrosion resistance of hardened concrete, when used
to both saturate the coarse aggregates, and be used as the mix water to produce Class
I concrete.

6. The results of both Phase 1 and 2 indicates that both Type II wastewaters used in this
study, which did not meet the FDOT water quality specification, Section 923
entitled, “Water for Concrete,” but did comply with the water quality standards of
AASHTO M 157, “Standard Specification for Ready-Mixed Concrete,” had no

detrimental effects on concrete properties.

Based on the data produced dﬁring this project, we recommend the following:

1. The FDOT water quality specification, Section 923 entitled, “Water for Concrete” be
supplemented to address the use of Type II wastewater as aggregate irrigation and/or
batch mixing water in the production of fresh concrete.

2. Type II wastewater shall be tested for compliance with the requirements established
by AASHTO M 157 specification entitled, “Standard Specification for Ready-Mixed
Concrete.” The M 157 specification sets limits on the amount of sulfate, chloride
ion, total solids, and total alkalies, as Na,O equivalent, for water used in concrete.
Thé frequency of testing shall be once per week for 4 weeks and once per month for
4 months prior to using the Type II wastewater for concrete production, provided no
single sample fails to comply with AASHTO M 157 limits. After which, testing

frequency will occur at bimonthly (once every other month) intervals. If a sample
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fails to meet the AASHTO M 157 requirements, the sampling énd testing procedure
will be repeated at the previous testing frequency of once per week for 4 weei&s, and
once a month for 4 months prior to reusing the wastewater in concrete production.
. Type II wastewater that complies with the required limits established by AASHTO
M 157 and the frequency of testing established by Recommendation Number 2,
should be primarily reused for irrigation of limestone coarse aggfegate stockpiles in
the concrete production process. This application would limit any effects of Type I
wastewater on the fresh and hardened properties of the produced concrete. At the
same time the limestone aggregate wéuld buffer or lower the pH of the Type II
wastewater, such that the effluent from the irrigation procedure (Type I wastewater)
would no longer be considered hazardous and need to be stored in a lined settling
pond.
. If Type Il wastewater were to be used as either partial or total mixing water for
concrete production, it would have to meet:

e the water quality limits of AASHTO M 157,

e comply with these requirements at the frequency of testing provided in

Recommeﬂdation Number 2, and

e be used ONLY for Class I non-structural concrete applications.
. Develop a test kit to quickly, accurately and economically sample and analyze Type
II wastewater at ready-mix concrete production facilities to insure quality control

and adherence to AASHTO M 157 limits on the amount of sulfate, chloride ion, total

solids, and total alkalies, as Na;O equivalent.
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APPENDIX A

STATE HIGHWAY AGENCY SURVEY QUESTIONNAIRE
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Name Date

Position

Agency

Phone Number

E-mail Address

Agency’s WWW Address http:/

The following survey contains six items and should take approximately ten minutes to
complete. Once again, thank you for your participation.

Please check this box if you would like the results of the survey sent to you.lJ

la.  Isthe reuse of wash water as mixing water in the production of new concrete
allowed by your agency? Yes No

1b.  If Yes, what are the acceptance criteria (physical test limits and/or chemical
limits)?

lc.  If you do not allow the reuse of wash waters, why?

2a.  Does your agency currently have any standards for the reuse of wash water as
mixing water in new concrete? Yes No

2b.  Ifyes, please include a copy of the specifications your agency references to
govern the reuse of wash water (if you are unable to include a copy, please list the title
and section number of the specification referenced).

3. Please give any comments or suggestions you may have regarding handling of
wash water from ready-mixed concrete operations.
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APPENDIX B

FLORIDA READY MIXED CONCRETE PRODUCERS SURVEY QUESTIONNAIRE
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QUESTIONNAIRE RELATED TO HANDLING OF
WASTEWATER FROM READY-MIXED CONCRETE OPERATIONS

Contact Person:
Title:
Company Name:
Address:

Tel. #
Fax #
E-mail:

1. Does your company recycle wastewater? Yes 0 No O (If the answer is No skip
questions 2 & 3)

2. How do you recycle wastewater? (please supply any sketches of your recycling
system and also give a brief description of the operations) ‘

3. In what application do you use recycled wastewater?
4, Have you performed any physical or chemical tests on wastewater to check if it
complies with the requirements of DOT specifications or ASTM C94?
YesJ No U

If yes, please indicate the type of wastewater* you tested and provide a copy of
the test results.
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10.

1L

With the cooperation of the ready-mixed concrete industry we will be performing
tests to determine the physical and chemical properties of wastewater and the
possibilities of recycling it. Would you be willing to have your wastewater
sampled and tested? Yes[] No [J

Based on your experience, what is the best way to handle wastewater?

What is your plant’s average daily concrete production?
[0 0-200 cyds/day O 200-400 cyds/day O 400+ cyds/day

What is the average daily quantity of water used for?
a) concrete production

b) spraying aggregate piles

c) washing out the inside of the concrete mixer drum
d) other operations associated with concrete production (please list)

What is your average amount of type I* wastewater generated in a normal

working day?

Does the DOT allow you to use wastewater:

a) as concrete batching water? Yes[! No [
b) for spraying aggregate piles? Yes(J No O
c) for other purposes? YesO No O

Please give any comments or suggestions that will help solve the problems faced
by the ready-mixed concrete industry regarding handling of wastewater.
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*Type 1 wastewater — waste water generated during general industrial activities at a
concrete batch plant including conveyor washdown; spraying of water on
aggregate piles; cleaning of the mixing plant and slump racks; and other similar
sources of industrial activities: truck exterior washing: and contact stormwater
runoff.

Type IT wastewater — wastewater generated during internal concrete truck washout
activities associated with a concrete batch plant and any other water commingled
with this wastewater, including rainfall that falls or drains directly into Type II
wastewater containment system.

RETURN TO: » S. Abdol Chini, Ph.D., P.E., Associate Professor, M.E. Rinker School of Building Construction.
University of Florida, P.O. Box 115703, Gainesville, FL. 32611
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APPENDIX C

TYPICAL READY-MIXED CONCRETE PRODUCTION PLANT WASTEWATER
MANAGEMENT SYSTEM DESIGN ‘
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APPENDIX D

SAMPLE WATER ANALYSIS FROM QST ENVIRONMENTAL
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Environmental Science & Engineering 03/17/98 STATUS :FINAL PAGE 1

PROJECT NUMBER 1297303V L228 PROJECT NAME UF BUILDING SCHOOL OF CONSTRUCTION

FIELD GROUP UFBCW LAB COORDINATOR RICHARD ROBINSON
CLIENT SAMPLE ID'S: STARK2A
QST FIELD GROUP: UFBCW
QST SEQUENCE #: 18
DATE COLLECTED: 02/25/98
TIME COLLECTED: 15:20
PARAMETERS UNITS METHOD
SODIUM, TOTAL MG/L EPA 6010 16.6
POTASSIUM, TOTAL MG/L EPA 6010 58.8
ALKALINITY, TOTAL , MG/L-CACO3 EPA 310.1 556
ALKALINITY, BICARBONATE MG/L-CACO3 EPA 310.1 <5.0
ALKALINITY, CARBONATE MG/L-CACO03 EPA 310.1 32.0
SULFATE MG/L EPA 9056 157.6
CHLORIDE MG/L EPA 9056 35.46
RESIDUE, TOT. (TS) MG/L EPA 160.3 1070
RESIDUE, SUSPENDED. (TSS) MG/L EPA 160.2 48
RESIDUE, TOT. VOLATILE MG/L EPA 160.4 363
RESIDUE,DISS (1DS) MG/L EPA 160.1 977
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APPENDIX E

ADMIXTURE INFORMATION SHEETS
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AIR ENTRAINING

"' 'ADMIXTURE
|+ ASTM C-260
o AASHTO M 158

GRACE- CONCRETEe abDMIXTURES

'DAREX® AEA® admixture is an aqueous solution of a
complex mixture of organic acid salts. It contains a catalyst
for more rapid and complete hydration of portland cement.
DAREX AEA is specially formutated for use as an air en-
training admixture for concrete and is manufactured under
rigid control which provides uniform, predictable perfor-
mance. It is supplied ready-to-use and does not require
premixing with water. One gallon weighs approximately 8.5
Ibs.

USES:

DAREX AEA is used in ready-mix, block, and concrete pro-
ducts plants. It is also used on the job with job-site mixers,
highway pavers. . .wherever concrete is mixed and there
is a need for purposefu! air entrainment. '

Because DAREX AEA plasticizes or “‘fattens™ the mix, it
is particularly effective with slag, lightweight, or manufac-
tured aggregates which tend to produce harsh concrete.

It also makes possible the use of natural sand deficient
in fines.

AIR ENTRAINING ACTION:

Airis entrained by the development of a semi-microscopic
bubble system—introduced into the mix by agitation and

stabilized by DAREX AEA—in the mortar phase of the

concrete. :

Air Content is Controlled. Because excessive entrained
air may be detrimental to strengths, DAREX AEA is de-
signed to limit the maximum amount of air entrained
despite an inadvertent overdose. DAREX AEA is not super-
sensitive. Small variations in addition rate are not critical
and do not materially affect the amount of air entrained.

Workability is improved. Millions of tiny air bubbles en-
trained with DAREX AEA act as flexible ball bearings,
lubricating and plasticizing the concrete mix. This permits
a substantial reduction in mixing water with no loss in
slump. Placeability is improved. . . bleeding, green shrink-
age and segregation are minimized.

Durability is Increased. DAREX AEA concrete is ex-
tremely durable, particularly when subjected to freezing
and thawing. It has a remarkable resistance to frost and
deicing salts, as well as to sulfate, sea and alkaline waters.

COMPATIBILITY WITH OTHER ADMIXTURES:

DAREX AEA is compatible in concrete with all known water
reducing admixtures and water reducing retarders, such as
WRDA® with HYCOL™, WRDA® and DARATARD® . By
combining the separate effects of air entrainment with the
dispersion of a water reducing admixture, the water require-
ment of concrete may be reduced up to 20%—uwith propor-
tional increases in strength and outstanding improvement

i durability. DAREX AEA is also compatible with concrete

mixes containing calcium chloride. EACH ADMIXTURE
SHOULD BE ADDED SEPARATELY TO THE MIX.

ADDITION RATES:

There is no standard addition rate for DAREX AEA. The
amount to be used will depend upon the amount of air re-
quired under job conditions, usually in the range of 4 to
8%. Typical factors which might influence the amount of
air entrained are: temperature, cement, sand gradation,
and use of extra fine materials such as fly ash. Typical
DAREX AEA addition rates range from 3 to 3 fluid ounces
per 100 Ibs. of cement.

The air entraining efficiency of DAREX AEA becomes even
greater when used with water reducing and set retarding
agents. This may allow a reduction of up to two-thirds in
the amount of DAREX AEA required for the specified air
content.

MIX ADJUSTMENT:

Entrained air results in increased yields with a consequent
decrease in the cement content of the placed concrete.
This condition calls for a mix adjustment, usually accom-

_plished by reducing the fine aggregate content. This is in

addition to the reduction in water content brought about
by the increase in plasticity.

DISPENSING EQUIPMENT:

A complete line of automatic DAREX AEA dispensers is
available. Accurate and simple, these dispensers are easily
adapted to existing facilities on paving mixers and in batch-
ing plants.

PACKAGING:

DAREX AEA is available in bulk, delivered in metered tank
trunks, and 55-galion drums. DAREX AEA contains no
flammable ingredients. T FREEZES AT ABOUT 30°F, BUT
ITS AIR ENTRAINING PROPERTIES ARE COMPLETELY
RESTORED BY THAWING AND THOROUGH AGITATION.

ARCHITECTS’ SPECIFICATION FOR CONCRETE AIR
ENTRAINING ADMIXTURE: '

Concrete shall be air entrained concrete, containing 4 to
8% entrained air. The air contents in the cdoncrete shall
be determined by the pressure method (ASTM Designa-

‘tion C 231) or gravimetric method (ASTM Designation C

138). The air entraining ‘admixture shall be a purified
hydrocarbon type with a cement catalyst, such as DAREX
AEA, as manufactured by the Construction Products Divi-
sion of W.R. Grace & Go.~Conn., or equal. The air entrain-
ing admixture shall be added at the concrete mixer or bat-
ching plant at approximately 3 to 3 fiuid ounces per 100
Ibs. of cement, or in such quantities as to give the specified
air contents.

Copyright 1989 W.R. Grace & Co.-Conn.
We hope the information given here will be helpful. It is based on dota and ki

considered to be true and

accurate ond is offered for the user's consideration. investigation and verificotion but we do not warrant the resutts
to be obtained. Please read ofl statements. recommendotions or suggestions in conjunction with our conditions ot
sale which dpply fo al goods supplied by us. No statement. fecommendation or suggestion is infended for ony use
which would infringe any patent or copyright. Construction Products Division. WR. Grace & Co~Conn. 62 Whitternore

Ave. Cambridge. Mass. 02140
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Description;

WRDA"64 is o polymer based aquonts
solulion of complex organic compounds.
WRDAG4 is & readyiouse low viscosily
liquid which is laclor‘:apremued in exuct pror
poriions lo minimize handling, eliminala mis
lakes and guesswork

WRDAG4 contains no calcium chioride and
weighs opproximalely 10.7 Ibs./gallen
{1.27 kg/ll.

Uses:

WRDAG4 produces a concrele with lower
water conken {iypically 8 lo 10% redugtion),
greater plasticity and higher strangth. It is
used in regdymix plants, block and concreto
produet plants, in lightweight and presiressed
work . . . whesever concrele is produced,

Advantages:

WRDAG4 offers significant advaniages over
single component waler 1educars. Water
reduction and selling imes are more congis
len! dise lo the polymer components.
WRDAG4 also parorms especially well In
aonerele canjarining fly ash and other
parrclans.

The use of WRDAG4 produces a plastic com
crale thal is mare workable, easier o ploce
and more tinishable thon plain or other
admixiured concrele. In the hardened siote,
WRDAGA concrete has higher compressiva
ond Hexwrol shengihs ot all ages thon unireok
ed or convanlional admixiuied concrete,

The greater degree of plasiicily achioved,
compored with canvenfional waterreducing
admixtures, allows improved linishability.

Finishability:

Finishers have stated that the cement paste,
or morlor, in YWRDAGA admixtured concrete
fas improved rowelability. The inflwence of

W.R. Grace & Ce.-Conn,

WRDA-64

WATER-REDUCING ADMIXTURE ASTM C 494 TYPES A & D

WRDAG4A on the finishability of lean mixes
has been paticulary noticeoble. Floaling
and frowaling, by machine or hand, imports
& smooth, dose Wlerance sudocs.

Addition Rate:

The addition rate range of WRDAG4 is

3 10 & Auid aunces per 100 pounds
{195-390 mL/ 100 ko) of cemenl. Pialesling
is reqired to determine the n[?propncle
oddition rale o Type: A and Type D
performance. Optimum addiiion depends on
the other concrele mixiure componenis, job
condifions, and desired pedormanca
characleriatics.

Dispensing Equipment:
A complele line o accurate, outomatic
disponsing equipment is available.,

DAGA may bo infroduced 10 ha mix on
the sand or in the waler,

Compatibility with other Admixtures:

WRDA% is compalible in concrele with

all airenioining admixiurss such os

Dutex? | AEA and Doravair*. Due to the

slight air entraining propertics of VWRDAGA,
iiself, the oddilion rale of airentraining odmix
e may be reduced by aboul 25%. By corn-
bining the separate affects of arenirtining
and dispersion, the woler requirement of |
concrete may be reduced up o 15%. Each - -
admixiute shiould be added separately.

While WRDA 64 conigin no calcium
chloride. it is compotible with coleiun

chloride in concrele mixss, Agoin, each
should be added soparalely.

Packaging:

WRDAGA i available in bulk, delivered by
melered tank rrucks, and in 55 gallon (210 Y
drums. WRDAG4 canlciins no Hemmable
ingredienis. It will keeze al about 28°F

02 Whillemois Avenwe, Combridga, MA 02140-1692

[2°C), but will 1etm to full srengih efter thaw
ing and tharough agikalion,

Architects' Specification for Concrete
Woler<Reducing Admixture:

Conciete shall be designed in accordonce
with AC! Stardard Recommended Proclics
tor Selecting Proportions for Concrele,

A 211

The walerteducing (ar waterteduclng and
retarding) admixture shall be WRDAGA, as
monufochired by Grace Consiruction
Producis, or equol. Tha admixiure shall nol
conlnin calcium chloride. If shall be used in
siictaecordance with the manufaciurer’s rec-
ommendalions. The admixiure shall comply
with ASTM Dasignaton C 494, Type A
woterreducing [or Type D watetreducing
and retarding] admixiures. Cerlificalion of
compliance shall be made ovoilable on
requesl.

Ihe admixiyre shall bz considered part ot the
tolal watter. The admixiure sholl be delivered
as a readyiouse liquid product and shall
require no mixing o the bolching plant or
job site,

Tel.; (6171 8/6-1400
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